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IMAGE PICKUP APPARATUS, LENS UNIT
AND CONTROL METHOD THEREFOR
WHEREIN FOCUS DRIVING PREDICTION IS
CALCULATED AND SENT FROM LENS UNIT
TO CAMERA CONTROLLER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lens-interchangeable
image pickup apparatus and a control method therefor.

2. Description of the Related Art

There is known a television auto-focus (TVAF) control
method (hereinafter simply referred to as “TVAF control”)
which is a focus control method for image pickup appara-
tuses. The TVAF control produces a focus signal indicating
the sharpness of an image signal produced by an image sensor
that photoelectrically converts an object image. A focus lens
is moved such that the focus signal reaches a maximum.

For the TVAF control, the relationship between the focus
signal and position of the focus lens is extremely important.
In particular, it is necessary, for a lens-interchangeable cam-
era system in which an image pickup apparatus (camera
body) produces the focus signal and a lens unit detachably
attached to the camera body drives the focus lens, to appro-
priately manage the timing of the production of the focus
signal and the drive of the focus lens.

Japanese Patent Laid-Open No. 2009-258718 discloses a
method of setting the timings of a drive of the focus lens for
TVAF control in a lens-interchangeable camera system.

However, in a lens-interchangeable camera system in
which the camera body performs the TVAF control, since
respective lens units attachable to the camera body have dif-
ferent optical characteristics, it is difficult to perform good
TVAF control for all lens units.

SUMMARY OF THE INVENTION

The present invention provides an image pickup apparatus
capable of performing good focus control regardless of an
optical characteristic of a lens unit attached to the image
pickup apparatus, and provides a lens unit allowing the image
pickup apparatus to perform such good focus control.

The present invention provides as an aspect thereof an
image pickup apparatus to which a lens unit provided with an
image taking optical system including a focus lens is detach-
ably mountable. The apparatus includes an image sensor
operable to generate an image signal, and a controller config-
ured to control communication with a mounted lens unit and
to generate a drive instruction to drive the focus lens of the
mounted lens unit on a basis of a focus signal generated by
using the image signal, said focus signal indicating a focus
state of the image taking optical system. The controller is
configured to send information relating to a predetermined
timing and the drive instruction to the lens unit, and receive,
from the lens unit, a first signal indicating whether the focus
lens is able to be moved by a movement based on the drive
instruction to satisfy the predetermined timing.

The present invention provides as another aspect thereof a
lens unit detachably mountable to an image pickup apparatus
having an image sensor operable to generate an image signal.
The lens unit includes an image taking optical system includ-
ing a focus lens, and a lens controller configured to receive a
drive instruction for the focus lens from the image pickup
apparatus and to control drive of the focus lens on a basis of
the drive instruction. The lens controller is configured to
receive information relating to a predetermined timing and
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the drive instruction from the image pickup apparatus, and
send, to the image pickup apparatus, a first signal indicating
whether the focus lens is able to be moved by a movement
based on the driving instruction to satisfy the predetermined
timing.

The present invention provides as still another aspect
thereof a lens unit detachably mountable to an image pickup
apparatus having an image sensor operable to generate an
image signal. The lens unit includes an image taking optical
system including a focus lens, and a lens controller config-
ured to receive a drive instruction for the focus lens from the
image pickup apparatus and to control drive of the focus lens
on a basis of the drive instruction. The lens controller is
configured to receive information relating to a predetermined
timing and the drive instruction from the image pickup appa-
ratus, and then send, to the image pickup apparatus, a signal
of a predetermined level as a first signal when the focus lens
is not able to be moved by a movement based on the driving
instruction to satisfy the predetermined timing, and set a
longer stopping time period to stop the focus lens after
completion of its movement based on the drive instruction,
when sending to the image pickup apparatus the signal of the
predetermined level as the first signal, as compared with when
sending thereto a signal of a level different from the prede-
termined level as the first signal.

The present invention provides as yet still another aspect
thereof a lens unit detachably mountable to an image pickup
apparatus having an image sensor operable to generate an
image signal. The lens unit includes an image taking optical
system including a focus lens, and a lens controller operable
to communicate with the image pickup apparatus in synchro-
nization with a vertical synchronizing signal and configured
to receive a drive instruction of the focus lens and to control
drive of the focus lens on a basis of the drive instruction. The
lens controller is further configured to perform a first com-
munication in synchronization with the vertical synchroniz-
ing signal and then perform a second communication before
a next first communication in synchronization with a next
vertical synchronizing signal, receive in the second commu-
nication the information relating to the predetermined timing
and the drive instruction from the image pickup apparatus,
and send in the next first communication, in a case that the
focus lens is not able to be moved by the movement based on
the drive instruction to satisfy the predetermined timing, a
signal of a predetermined level as a first signal to the image
pickup apparatus. The lens controller sets a longer stopping
time period to stop the focus lens after completion of its
movement based on the drive instruction when sending to the
image pickup apparatus the signal of the predetermined level
as the first signal, as compared with when sending thereto a
signal of a level different from the predetermined level as the
first signal.

The present invention provides as further another aspect
thereof a method of controlling an image pickup apparatus to
which a lens unit provided with an image taking optical
system including a focus lens is detachably mountable and
which is provided with an image sensor operable to generate
an image signal. The method including a controlling step of
controlling communication with a mounted lens unit, a focus
signal generating step of generating a focus signal indicating
a focus state of the image taking optical system by using the
image signal, and a drive instruction generating step of gen-
erating a drive instruction for the focus lens on a basis of the
focus signal. In the controlling step, the method sends infor-
mation relating to a predetermined timing and the drive
instruction to the lens unit and receives, from the lens unit, a
first signal indicating whether the focus lens is able to be
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moved by a movement based on the drive instruction to sat-
isfy the predetermined timing.

The present invention provides as still further another
aspect thereof a method of controlling a lens unit provided
with an image taking optical system including a focus lens
and detachably mountable to an image pickup apparatus hav-
ing an image sensor operable to generate an image signal. The
method includes a receiving step of receiving a drive instruc-
tion for the focus lens from the image pickup apparatus, a
sending step of sending information to the image pickup
apparatus, and a controlling step of controlling drive of the
focus lens on a basis of the drive instruction. In the receiving
step, the method receives information relating to a predeter-
mined timing and the drive instruction from the image pickup
apparatus, and a in the sending step, the method sends, to the
image pickup apparatus, a first signal indicating whether the
focus lens is able to be moved by a movement based on the
driving instruction to satisfy the predetermined timing.

The present invention provides as yet further another
aspect thereof a method of controlling a lens unit provided
with an image taking optical system including a focus lens
and detachably mountable to an image pickup apparatus hav-
ing an image sensor operable to generate an image signal. The
method includes a receiving step of receiving a drive instruc-
tion for the focus lens from the image pickup apparatus; a
sending step of sending information to the image pickup
apparatus, and a controlling step of controlling drive of the
focus lens on a basis of the drive instruction. In the receiving
step, the method receives information relating to a predeter-
mined timing and the drive instruction from the image pickup
apparatus, and in the sending step, the method sends, to the
image pickup apparatus, a signal of a predetermined level as
a first signal when the focus lens is not able to be moved by a
movement based on the driving instruction to satisty the
predetermined timing. In the controlling step, the method sets
a longer stopping time period to stop the focus lens after
completion of its movement based on the drive instruction
when sending to the image pickup apparatus the signal of the
predetermined level as the first signal, as compared with when
sending thereto a signal of a level different from the prede-
termined level as the first signal.

The present invention provides as yet still further another
aspect thereof a method of controlling a lens unit provided
with an image taking optical system including a focus lens
and detachably mountable to an image pickup apparatus hav-
ing an image sensor operable to generate an image signal. The
method includes a receiving step of receiving a drive instruc-
tion for the focus lens from the image pickup apparatus, a
sending step of sending information to the image pickup
apparatus, and a controlling step of controlling drive of the
focus lens on a basis of the drive instruction. The method
performs a first communication in synchronization with a
vertical synchronizing signal and then performing a second
communication before a next first communication in syn-
chronization with a next vertical synchronizing signal. In the
receiving step, the method receives in the second communi-
cation the information relating to a predetermined timing and
the drive instruction from the image pickup apparatus. In the
sending step, the method sends, when the focus lens is not
able to be moved by the movement based on the driving
instruction to satisfy the predetermined timing, a signal of a
predetermined level as a first signal to the image pickup
apparatus in the next first communication. In the controlling
step, the method sets a longer stopping time period to stop the
focus lens after completion of its movement based on the
drive instruction when sending to the image pickup apparatus
the signal of the predetermined level as the first signal, as
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compared with when sending thereto a signal of a level dif-
ferent from the predetermined level as the first signal.

The present invention provides as further another aspect
thereof a non-transitory machine readable medium contain-
ing program code which upon execution causes an image
pickup apparatus to which a lens unit provided with an image
taking optical system including a focus lens is detachably
mountable and which is provided with an image sensor oper-
able to generate an image signal, to perform a focus signal
generating step of generating a focus signal indicating a focus
state of the image taking optical system by using the image
signal, and a drive instruction generating step of generating a
drive instruction for the focus lens on a basis of the focus
signal, and a controlling step of controlling communication
with the lens unit comprising sending information relating to
a predetermined timing and the drive instruction to the lens
unit and receiving, from the lens unit, a first signal indicating
whether the focus lens is able to be moved by a movement
amount based on the drive instruction to satisty the predeter-
mined timing.

The present invention provides as still further another
aspect thereof a non-transitory machine readable medium
containing computer executable program code which upon
execution causes a lens unit provided with an image taking
optical system including a focus lens and detachably mount-
able to an image pickup apparatus having an image sensor
operable to generate an image signal, to perform a receiving
step of receiving a predetermined timing and a drive instruc-
tion for the focus lens from the image pickup apparatus, a
controlling step of controlling drive of the focus lens on a
basis of the drive instruction, and a sending step of sending, to
the image pickup apparatus, a first signal showing whether or
not the focus lens is able to be moved by a movement based on
the driving instruction to satisfy the predetermined timing.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
lens-interchangeable camera system that is Embodiment 1 of
the present invention.

FIGS. 2A and 2B are timing charts of TVAF control in
reference examples.

FIG. 3 is a flowchart of TVAF control in Embodiment 1.

FIG. 4 is a flowchart of TVAF control in Embodiment 2 of
the present invention.

FIG. 5 is a timing chart of the TVAF control in Embodi-
ment 2.

FIG. 6 is a flowchart of TVAF control in Embodiment 3 of
the present invention.

FIG. 7 is a timing chart of the TVAF control in Embodi-
ment 3.

FIG. 8 is a flowchart of TVAF control in Embodiment 4 of
the present invention.

FIG. 9 is a timing chart of the TVAF control in Embodi-
ment 4.

FIGS. 10A and 10B are flowcharts showing the TVAF
control in Embodiment 1.

FIG. 11 is a timing chart of the TVAF control in Embodi-
ment 1.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will hereinafter be
described with reference to the accompanying drawings.

Embodiment 1

In a lens-interchangeable camera system of a first embodi-
ment (Embodiment 1) of the present invention, an image
pickup apparatus sends, to a lens unit including a focus lens,
a drive start timing and an arrival determination criterion
timing for the focus lens that serves as a criterion for deter-
mining whether or not the focus lens is able to arrive at a target
position before the arrival determination criterion timing. The
lens unit returns, to the image pickup apparatus, a result of
arrival prediction. Sending (and returning) thereof enables
focus control with management of control timings of the
image pickup apparatus and the lens unit.

FIG. 1 shows a configuration of the lens-interchangeable
camera system of Embodiment 1. A lens unit 1100 is an
interchangeable lens detachably attachable to a camera body
C100 which is an image pickup apparatus.

Light from an object passes through an image taking opti-
cal system in the lens unit [.100 to form an object image on an
image sensor C101 in the camera body C100. The image
taking optical system is constituted by, in order from an object
side, a first fixed lens L.101 that is fixed in position in the lens
unit [.100, a magnification-varying lens [.102 that is movable
in an optical axis direction to perform variation of magnifi-
cation, an aperture stop [.103 that controls quantity oflight, a
second fixed lens [.104 that is fixed in position in the lens unit
L.100, and a focus lens 1.105 that has a function of correcting
variation of an image plane (image plane variation) caused by
the variation of magnification and also a focusing function.

Although FIG. 1 shows each lens as if it is constituted by
one lens element, each lens may actually be constituted by
one or more lens elements that together provide the desired
optical properties of the lens.

In the camera body C100, the image sensor C101 is con-
stituted of a photoelectric conversion element such as a CCD
sensor or a CMOS sensor. The image sensor C101 performs
charge accumulation in synchronization with a vertical syn-
chronizing signal, thereby photoelectrically converting the
object image to output an analog signal as an image signal.
The image sensor C101 may be provided to each of three
primary colors such as red (R), blue (B) and green (G).

A CDS/AGC/AD converter C102 samples output of the
image sensor C101 and then performs gain adjustment and
digital conversion thereon. A camera signal processor C103
performs various image processes on an output signal from
the CDS/AGC/AD converter C102 to produce an image.

An AF signal processor C1031 in the camera signal pro-
cessor C103 extracts a high frequency component, a lumi-
nance difference component produced from the high fre-
quency component or the like from output signals from the
CDS/AGC/AD converter C102 corresponding to a pixel area
used for focus detection out of an entire pixel area of the
image sensor C101, to produce (generate) a focus signal. The
focus signal is also called a contrast evaluation value signal
and shows sharpness (contrast state) of an image signal from
the image sensor C101. The sharpness is changed depending
on the focus state of the image taking optical system, which
results in that the focus signal shows the focus state of the
image taking optical system. The AF signal processor C1031
corresponds to a focus signal producer (generator).
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A display unit C104 displays the image from the camera
signal processor C103. A recording unit C105 records the
image from the camera signal processor C103 to a recording
medium such as a magnetic tape, an optical disk or a semi-
conductor memory. A camera microcomputer C106 functions
as an image pickup apparatus controller to control a focus
actuator [.108 in the lens unit .100 on a basis of output from
the camera signal processor C103 to move the focus lens
L105 in the optical axis direction. This operation is mainly
performed by a camera AF controller C1061 provided in the
camera microcomputer C106. A detailed description of the
operation of the camera AF controller C1061 will be made
later.

In the lens unit 100, a lens microcomputer [.106 as a lens
controller is operable to communicate information with (send
and receive information to and from) the camera microcom-
puter C106.

In this embodiment, the camera microcomputer C106 and
the lens microcomputer 1.106 perform communication of
fixed length packets (hereinafter referred to as “fixed length
packet communication™) at timings in synchronization with
vertical synchronizing signals. There is, as the fixed length
packet communication, a first communication that includes
transmission of information on a focus lens position from the
lens microcomputer [.106 to the camera microcomputer
C106, the above-mentioned result of the arrival prediction
(described later in detail) and the like. Moreover, there is also
included, as part of the fixed length packet communication, a
second communication that includes focus control instruc-
tions such as a target defocus amount from the camera micro-
computer C106 to the lens microcomputer [.106. Each of the
first communication and the second communication is per-
formed between the camera microcomputer C106 and the
lens microcomputer [.106 once in one vertical synchronizing
period.

The lens microcomputer 1106 includes a lens AF control-
ler [1061. The lens AF controller L1061 performs focus
control according to a target position of the focus lens [.105
decided by the camera AF controller C1061. Moreover, the
lens AF controller L1061 performs, in the variation of mag-
nification, zoom tracking control that moves the focus lens
L.105 on a basis of zoom tracking data (zoom tracking cam)
stored in the lens microcomputer [.L106. The zoom tracking
control prevents the image plane variation (image blur) with
the variation of magnification. The lens microcomputer .106
stores data of focus sensitivity showing a relationship
between movement amounts of the focus lens L.105 (focus
movement amounts) and change amounts of the focus state
(defocus change amounts) on the image plane.

A zoom actuator .107 moves the magnification-varying
lens L.102. The focus actuator L108 moves the focus lens
L105. The zoom actuator L107 and the focus actuator L108
are respectively constituted by a stepping motor, a DC motor,
a vibration type motor or a voice coil motor.

Next, description will be made of outline of the focus
control (TVAF control) performed by the lens microcomputer
106 and the camera microcomputer C106 with reference to
FIG. 3.

FIG. 3 is a flowchart showing an overall flow of the TVAF
control. Processes here are mainly performed by the camera
AF controller C1061 in the camera microcomputer C106
according to a computer program. This also applies to other
embodiments described later.

The camera microcomputer C106 manages drive and posi-
tion of the focus lens 1.105 through communication with the
lens microcomputer [.106.
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In FIG. 3, at step 301, the camera microcomputer C106
(camera AF controller C1061) determines whether or not a
current TVAF mode is a reciprocating mode (wobbling
mode). If the current TVAF mode is the reciprocating mode,
the camera microcomputer C106 proceeds to step 302, and if
not, it proceeds to step 308.

At step 302, the camera microcomputer C106 performs a
reciprocating operation to minutely drive the focus lens .105
in a reciprocating manner with predetermined amplitude, and
determines whether or not an in-focus state is obtained and in
which direction (i.e. near or far) an in-focus position of the
focus lens [.105 exists in. Detailed operations here will be
described later with reference to FIGS. 4 and 5.

At step 303, the camera microcomputer C106 determines
whether or not the focus lens [.105 has been reciprocated a
predetermined number of times in a same area from a history
ofpositions of the focus lens .105 in the reciprocating opera-
tion at step 302. If so, the camera microcomputer C106 deter-
mines that the in-focus state is obtained (that is, in-focus
determination is made) and proceeds to step 306. If not, the
camera microcomputer C106 determines that the in-focus
state is not obtained and proceeds to step 304.

At step 304, the camera microcomputer C106 determines
whether or not determinations that the in-focus position exists
in a same direction have been consecutively made a predeter-
mined number of times from the history of the positions of the
focus lens 1105 in the reciprocating operation at step 302. If
s0, the camera microcomputer C106 determines that an in-
focus direction determination (hereinafter simply referred to
as “direction determination”) has been made and then pro-
ceeds to step 305 to enter a peak-climbing drive mode (moun-
tain-climbing drive mode). If not, the camera microcomputer
C106 determines that the direction determination has not
been made and then returns to step 301 to continue the recip-
rocating mode.

Atstep 306, the camera microcomputer C106 stores a level
of the focus signal (hereinafter referred to as “a focus signal
level”) in the in-focus state to a memory (not shown) and then
proceeds to step 307 to enter a restart determination mode
(steps 316 and 317). The restart determination mode deter-
mines whether or not to perform the reciprocating operation
(that is, the direction determination) again.

At step 308, the camera microcomputer C106 determines
whether or not the current TVAF mode is the peak-climbing
drive mode. If the current TVAF mode is the peak-climbing
drive mode, the camera microcomputer C106 proceeds to
step 309, and if not, it proceeds to step 313.

At step 309, the camera microcomputer C106 performs a
peak-climbing drive operation to drive the focus lens .105, in
adirection in which (value of) the focus signal is increased, at
a predetermined speed. This embodiment omits a detailed
description of the peak-climbing drive operation.

At step 310, the camera microcomputer C106 determines
whether or not a position (hereinafter referred to as “a peak
position™) of the focus lens 1.105 where the focus signal
becomes a maximum value (that is, a value showing an in-
focus state of the image taking optical system) by the peak-
climbing drive operation at step 309 has been detected. If the
peak position has been detected, the camera microcomputer
C106 proceeds to step 311, and if not, it returns to step 301.
When the determination that the peak position has been
detected is made at step 310, the camera microcomputer C106
moves the focus lens [.105 to the peak position and then enters
an in-focus determination mode (step 315).
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At step 311, the camera microcomputer C106 sets the peak
positionto a target position of the focus lens .105. Thereafter,
the camera microcomputer C106 proceeds to step 312 to enter
a stop mode.

At step 313, the camera microcomputer C106 determines
whether or not the current TVAF mode is the stop mode. Ifthe
current TVAF mode is the stop mode, the camera microcom-
puter C106 proceeds to step 314, and if not, it proceeds to step
316.

At step 314, the camera microcomputer C106 determines
whether or not the focus lens L105 has been returned to the
peak position. Ifthe focus lens [.105 has been returned to the
peak position, the camera microcomputer C106 proceeds to
step 315 to enter the reciprocating (in-focus determination)
mode, and if not, it returns to step 301 to continue the stop
mode.

At step 316, the camera microcomputer C106 compares a
current focus signal level with the previous focus signal level
stored at step 306 to determine whether or not a change
amount therebetween is greater than a predetermined value. If
the change amount is greater than the predetermined value,
the camera microcomputer C106 proceeds to step 317 to enter
the reciprocating (direction determination) mode, and if not,
it returns to step 301 to continue the restart determination
mode.

Next, description will be made of control performed by the
camera microcomputer C106 and the lens microcomputer
1.106 in the reciprocating operation at step 302 with reference
to FIGS. 10A, 10B and 11.

In FIGS. 10A and 10B, at step C1001, the camera micro-
computer C106 determines whether or not a current timing
with respect to the vertical synchronizing signal of the image
coincides with a predetermined timing at which the commu-
nication with the lens microcomputer 1106 (hereinafter
referred to as “lens communication™) is performed. If the
current timing coincides with the predetermined timing (lens
communication timing), the camera microcomputer C106
proceeds to step C1002, and if not, it returns to step C1001 to
wait for the predetermined timing. This lens communication
timing may be arbitrarily set on a basis of a start timing of
charge accumulation in the image sensor C101 for producing
the image signal, as long as a delay time of the lens commu-
nication timing with respect to the vertical synchronizing
signal is kept constant.

At step C1002, the camera microcomputer C106 sends a
communication request to the lens microcomputer 1.106 to
start the lens communication.

At step 11001, the lens microcomputer [.106 determines
whether or not it has received the communication request sent
from the camera microcomputer C106 at step C1002. If hav-
ing received the communication request, the lens microcom-
puter 1106 proceeds to step 1.1002, and if not, it returns to
step L1001.

At step 11002, the lens microcomputer 1106 resets its
internal timer in response to start of the first communication,
and then measures a delay time from the start of the first
communication.

At step L1003, the lens microcomputer [.106 sends a result
of'the arrival prediction calculated in a previous process to the
camera microcomputer C106. The communication here cor-
responds to part of the first communication. A detailed
description of the arrival prediction will be made at step
L1008 later.

Next, at step C1003, the camera microcomputer C106
receives the result of the arrival prediction sent from the lens
microcomputer [L106 by the first communication at step
L.1003. In an example of FIG. 11, when a current vertical
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synchronizing signal (VD) is VD (4), this denotes a process
corresponding to receiving timing of the arrival prediction
4).

At step C1004, the camera microcomputer C106 deter-
mines which one of an infinity drive state, an infinity stop
state, a close distance drive state and a close distance stop
state is a current control state. If the current control state is the
infinity drive state, the camera microcomputer C106 proceeds
to step C1005, and if the current control state is the infinity
stop state, it proceeds to step C1011. If the current control
state is the close distance drive state, it proceeds to step
C1015. And, if the current control state is the close distance
stop state, it proceeds to step C1021.

At step C1005, the camera microcomputer C106 compares
a level of an infinity side focus signal that has been stored at
previous step C1021 with that of a close distance side focus
signal that has been stored at previous step C1011. If the
infinity side focus signal level is greater than the close dis-
tance side focus signal level, the camera microcomputer
C106 proceeds to step C1006, and if not, it proceeds to step
C1007. In the example of FIG. 11, when the current VD is a
VD (7), the camera microcomputer C106 compares a level of
a focus signal (4) with that of a focus signal (2).

At step C1006, the camera microcomputer C106 calcu-
lates, as a defocus amount on an image pickup surface of the
image sensor C101 (hereinafter referred to as “an image
sensor surface”), an image plane center movement amount
that is a movement amount of a driving center position of the
focus lens 105 in an infinity direction. This defocus amount
is set within a depth of focus, on a basis of a permissible circle
of confusion and an F-number acquired from the lens micro-
computer 1.106.

Atstep C1007, the camera microcomputer C106 calculates
as a defocus amount on the image sensor surface, an image
plane amplitude amount that is a movement amount of the
focus lens [.105 in the infinity direction with respect to the
driving center position. This defocus amount is also set within
the depth of focus, as well as the image plane center move-
ment amount.

Atstep C1008, the camera microcomputer C106 calculates
atiming (drive start timing) to actually start drive of the focus
lens 1105 to obtain the defocus amount as a target defocus
amount calculated at steps C1006 and C1007. This embodi-
ment defines this drive start timing by using a delay time from
(that is, on a basis of) the start of the above-mentioned first
communication. Alternatively, the drive start timing may be
defined on a basis of a charge accumulation start timing of the
image sensor C101 for producing the image signal or on a
basis of an output timing of the vertical synchronizing signal.

Atstep C1009, the camera microcomputer C106 calculates
an arrival determination criterion timing that serves as a cri-
terion for determining whether or not the drive of the focus
lens 1105 is able to be completed before start of the charge
accumulation for obtaining the target defocus amount, when
the focus lens 1105 is driven from the drive start timing
calculated at step C1008. This embodiment defines this
arrival determination criterion timing by using a delay time
from (that is, on a basis of) the start of the above-mentioned
first communication. Alternatively, the arrival determination
criterion timing may be defined on the basis of the charge
accumulation start timing of the image sensor C101 for pro-
ducing the image signal or on the basis of the output timing of
the vertical synchronizing signal.

Atstep C1010, the camera microcomputer C106 sets a next
control state to the infinity stop state.

At step C1011, the camera microcomputer C106 acquires
the focus signal to store it as a focus signal when the focus lens
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L.105 was stopped at a close distance side position. That is, the
camera microcomputer C106 stores this acquired focus signal
as a focus signal produced from an image signal accumulated
when the focus lens 1105 was located at a position stored at
previous step C1023. In the example of FIG. 11, when the
current VD is the VD (4), the focus signal acquirable here is
produced from an image signal accumulated when the VD
was a VD (2) at which the focus lens 1105 was stopped at the
close distance side position.

At step C1012, the camera microcomputer C106 deter-
mines whether the result of the previous arrival prediction
received at step C1003 shows that “arrival (movement) is
achievable” or “arrival is not achievable”. Specifically, the
camera microcomputer C106 determines whether or not the
focus lens [.105 is predicted to be able to arrive at the target
position corresponding to the target defocus amount before
the arrival determination criterion timing calculated at step
C1009 (or, in other words, within a predetermined allowable
time period based on the arrival determination criterion tim-
ing). In other words, the camera microcomputer C106 deter-
mines whether or not the focus lens 1105 is predicted to be
able to arrive at the target position corresponding to the target
defocus amount within a predetermined time period. For
example, when information on the result of the arrival pre-
diction sent from the lens microcomputer 1.106 at a timing of
an arrival prediction (4) shows that the arrival is achievable,
the focus lens [.105 is predicted to be able to arrive at the
target position before start of charge accumulation for pro-
ducing the focus signal at the VD (4). The start of charge
accumulation for producing the focus signal is not necessarily
limited to start of charge accumulation for producing a frame
in which that charge accumulation is performed. For
example, the camera microcomputer C106 may set the arrival
determination criterion timing such that whether or not the
focus lens [L105 can arrive at the target position before a
predetermined timing within a charge accumulating period
for a first line of the frame. Moreover, the camera microcom-
puter C106 may change the arrival determination criterion
timing depending on a position of a focus detection area in an
imaging frame.

When the information on the result of the arrival prediction
sent from the lens microcomputer 1.106 at the timing of the
arrival prediction (4) shows that the arrival is not achievable,
the focus lens [.105 is predicted to be unable to arrive at the
target position before the start of charge accumulation for
producing the focus signal at the VD (4).

If the result of the arrival prediction shows that the focus
lens [.105 is able to arrive at the target position before the
arrival determination criterion timing (that is, within the pre-
determined allowable time period from the arrival determi-
nation criterion timing), the camera microcomputer C106
proceeds to step C1013. If not (that is, if the result of the
arrival prediction shows that the focus lens [.105 is unable to
arrive at the target position before the arrival determination
criterion timing), the camera microcomputer C106 proceeds
to step C1025.

When receiving the information showing that the arrival is
not achievable, a next acquirable focus signal has a high
possibility of providing an insufficient defocus amount, so
that it is necessary to delay a period of the TVAF control in
order to prevent erroneous operations. Thus, the camera
microcomputer C106 proceeds to step C1025 without pro-
gressing the TVAF control (reciprocating operation). That is,
the camera microcomputer C106 restricts the progression of
the TVAF control. For example, when receiving, at the arrival
prediction (4) (that is, by the first communication at the VD
(4)), the information showing that the arrival is not achiev-



US 9,310,665 B2

11

able, the camera microcomputer C106 does not send a drive
instruction to drive the focus lens L105 in a close distance
direction, at a timing of a target defocus amount (6) (that is, by
the second communication at a VD (5)).

The camera microcomputer C106 sends to the lens micro-
computer [.106, at the target defocus amount (6), a same value
of the image plane amplitude amount as that in the previous
second communication and an image plane center movement
amount of 0. Then, when receiving, by the next first commu-
nication (that is, the first communication at the VD (5)), the
information showing that the arrival is achievable, the camera
microcomputer C106 sends the drive instruction to drive the
focus lens 1105 in the close distance direction by the second
communication at a VD (6).

FIG. 11 shows the case where the information sent from the
lens microcomputer [.106 at the arrival prediction (4) (that s,
the first communication at the VD (4)) shows that the arrival
is achievable. Thus, the camera microcomputer C106 sends
by the second communication atthe VD (5) a drive instruction
(target defocus amount (6)) to drive the focus lens [.105 in the
close distance direction.

At step C1013, the camera microcomputer C106 regards
the focus lens 105 as having arrived at the target position and
stores the current position of the focus lens [.105. The camera
microcomputer C106 correlates the focus lens position stored
here to a focus signal to be acquired at step C1021 described
later.

Atstep C1014, the camera microcomputer C106 sets a next
control state to the close distance drive state.

At step C1015, the camera microcomputer C106 compares
a level of the close distance side focus signal stored at previ-
ous step C1011 with that of the infinity side focus signal
stored at previous step C1021. If the close distance side focus
signal level is greater than the infinity side focus signal level,
the camera microcomputer C106 proceeds to step C1016, if
not, it proceeds to step C1017. In the example of FIG. 11,
when the current VD is the VD (5), the camera microcom-
puter C106 compares levels of a focus signal (2) and a focus
signal (0) (not shown).

Atstep C1016, the camera microcomputer C106 calculates
a movement amount (image plane center movement amount)
of the driving center position of the focus lens [.105 in the
close distance direction as a defocus amount on the image
sensor plane. This defocus amount is set within the depth of
focus.

Atstep C1017, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the close distance direction with
respect to the driving center position as a defocus amount on
the image sensor surface. This defocus amount is also set
within the depth of focus, as well as the image plane center
movement amount.

Atstep C1018, the camera microcomputer C106 calculates
a timing (drive start timing) to actually start the drive of the
focus lens [L105 to obtain the defocus amount as a target
defocus amount calculated at steps C1016 and C1017. This
embodiment defines this drive start timing by using a delay
time from the start of the above-mentioned first communica-
tion. Alternatively, the drive start timing may be defined on
the basis of the charge accumulation start timing of the image
sensor C101 for producing the image signal or on the basis of
an output timing of the vertical synchronizing signal.

Atstep C1019, the camera microcomputer C106 calculates
an arrival determination criterion timing that serves as a cri-
terion for determining whether or not the drive of the focus
lens [.105 may be completed before start of the charge accu-
mulation for obtaining the target defocus amount when driv-
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ing the focus lens [.105 from the drive start timing calculated
at step C1018. This embodiment defines this arrival determi-
nation criterion timing by using a delay time from the start of
the above-mentioned first communication. Alternatively, the
arrival determination criterion timing may be defined on the
basis of the charge accumulation start timing of the image
sensor C101 for producing the image signal or on the basis of
the output timing of the vertical synchronizing signal.

At step C1020, the camera microcomputer C106 sets a next
control state to the close distance stop state.

At step C1021, the camera microcomputer C106 acquires
the focus signal to store it as a focus signal when the focus lens
105 was stopped at an infinity side position. That is, the
camera microcomputer C106 stores this acquired focus signal
as a focus signal produced from an image signal accumulated
when the focus lens 1105 was located at a position stored at
previous step C1013. In the example of FIG. 11, when the
current —VD is the VD (6), the focus signal acquirable at this
step is produced from an image signal accumulated when the
focus lens [.105 was stopped at the infinity side position at the
VD (4).

At step C1022, the camera microcomputer C106 deter-
mines whether the result of the previous arrival prediction
received at step C1003 shows that the arrival is achievable or
not achievable. Specifically, the camera microcomputer C106
determines whether or not the focus lens 1.105 is predicted to
be able to arrive at the target position corresponding to the
target defocus amount before the arrival determination crite-
rion timing calculated at step C1019 (or within the predeter-
mined allowable time period from the arrival determination
criterion timing). In other words, the camera microcomputer
C106 determines whether or not the focus lens [.105 is pre-
dicted to be able to arrive at the target position corresponding
to the target defocus amount within the predetermined time
period. For example, when information on the result of the
arrival prediction sent from the lens microcomputer [L106 at a
timing of an arrival prediction (6) shows that the arrival is
achievable, the focus lens [.105 is predicted to be able to
arrive at the target position before start of charge accumula-
tion for producing the focus signal at the VD (6).

When the information on the result of the arrival prediction
sent from the lens microcomputer 1.106 at the timing of the
arrival prediction (6) shows that the arrival is not achievable,
the focus lens [.105 is predicted to be unable to arrive at the
target position before start of the charge accumulation for
producing the focus signal at the VD (6).

If the result of the arrival prediction shows that the focus
lens [.105 is able to arrive at the target position before the
arrival determination criterion timing (that is, within the pre-
determined allowable time period from the arrival determi-
nation criterion timing), the camera microcomputer C106
proceeds to step C1023. If not (that is, if the result of the
arrival prediction shows that the focus lens [.105 is unable to
arrive at the target position before the arrival determination
criterion timing), the camera microcomputer C106 proceeds
to step C1025.

When receiving the information showing that the arrival is
not achievable, a next acquirable focus signal has a high
possibility of providing an insufficient defocus amount, it is
necessary to delay the period of the TVAF control in order to
prevent erroneous operations. Thus, the camera microcom-
puter C106 proceeds to step C1025 without progressing the
TVAF control (reciprocating operation). That is, the camera
microcomputer C106 restricts the progression of the TVAF
control. For example, when receiving, at the arrival prediction
(6) (that is, by the first communication at the VD (6)), the
information showing that the arrival is not achievable, the
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camera microcomputer C106 does not send a drive instruc-
tion to drive the focus lens [.105 in the infinity direction, at a
timing of a target defocus amount (8) (that is, by the second
communication at the VD (7)).

The camera microcomputer C106 sends, at the target defo-
cus amount (8), a same value of the image plane amplitude
amount as that in the previous second communication and an
image plane center movement amount of 0. Then, when
receiving, by the next first communication (that is, the first
communication at the VD (7)), the information showing that
the arrival is achievable, the camera microcomputer C106
sends the drive instruction to drive the focus lens .105 in the
infinity direction by the second communication at the VD (8).

At step C1023, the camera microcomputer C106 regards
the focus lens 105 as having arrived at the target position and
stores the current position of the focus lens [.105. The camera
microcomputer C106 correlates the focus lens position stored
here to a focus signal to be acquired at next step C1011.

Atstep C1024, the camera microcomputer C106 sets a next
control state to the infinity drive state.

At step C1025, the camera microcomputer C106 sends the
communication request to the lens microcomputer 1.106
again to start the second communication.

At step 11004, the lens microcomputer 106 determines
whether or not ithas received the communication request sent
from the camera microcomputer C106 at step C1025. If hav-
ing received the communication request, the lens microcom-
puter 1106 proceeds to step 1.1005, and if not, it returns to
step L1004 to wait for reception of the communication
request.

At step C1026, the camera microcomputer C106 sends,
when the second communication is started, information on
the target defocus amount calculated at steps C1006 or C1007
or steps C1016 or C1017 to the lens microcomputer 1.106.
Moreover, the camera microcomputer C106 sends informa-
tion on the drive start timing calculated (specified) at step
C1008 or C1018 and information on the arrival determination
criterion timing calculated at step C1009 or C1019 to the lens
microcomputer [.106. In the example of FIG. 11, when a
current VD is the VD (5), this process corresponds to a send-
ing timing of the target defocus amount (6), a drive start
timing (6) and an arrival determination criterion timing (6).

At step 1.1005, the lens microcomputer .106 receives the
information on the target defocus amount, the drive start
timing and the arrival determination criterion timing sent
from the camera microcomputer C106 at step C1026.

Atstep L1006, the lens microcomputer [.106 calculates an
actual drive amount of the focus lens L105 on a basis of the
target defocus amount received at step .1005 and on a basis
of current focus sensitivity.

At step 1.1007, the lens microcomputer [.106 calculates a
drive speed of the focus lens 1.105 according to the actual
drive amount calculated at step 1.1006.

At step 11008, the lens microcomputer .L106 makes the
arrival prediction for the focus lens [.105 driven at the drive
speed calculated at step 1.1007. That is, the lens microcom-
puter L.106 predicts a timing at which the focus lens [.105 is
able to arrive at the target position. This arrival prediction
corresponds to a prediction of whether or not the focus lens
L.105 is able to arrive at (in other words, able to be moved to)
the target position before the arrival determination criterion
timing that the lens microcomputer .106 has received by the
second communication. The lens microcomputer [.106 sends
the result of the arrival prediction to the camera microcom-
puter C106 at next step 1.1003.

In this embodiment, the lens microcomputer [.106 per-
forms the above-mentioned fixed length packet communica-
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tion, and a predetermined bit in a packet is used to show the
result of the arrival prediction. For example, if a value of the
predetermined bit is 1, the camera microcomputer C106
determines that the focus lens 1105 is able to arrive at the
target position before the arrival determination criterion tim-
ing. On the other hand, if the value of the predetermined bit is
0, the camera microcomputer C106 determines that the focus
lens [.105 is unable to arrive at the target position before the
arrival determination criterion timing. In other words, the lens
microcomputer 1.106 is capable of controlling a signal level
of the predetermined bit in the packet in the fixed length
packet communication. The lens microcomputer 106 deter-
mines, on a basis of the signal level, whether or not to cause
the camera microcomputer C106 to restrict the progression of
the focus control.

At step L1009, the lens microcomputer .106 determines,
with reference to a value of the internal counter reset at step
11002, whether or not the delay time from the start of the first
communication coincides with the drive start timing received
at step [.1005. If the delay time coincides with the drive start
timing, the lens microcomputer .106 proceeds to step .1010,
and if not, it proceeds to step 11009 to wait for coincidence
thereof.

Atstep L1010, the lens microcomputer [.106 sets the actual
movement amount calculated at step L1006 and the drive
speed calculated at step [.1007 to the focus actuator [.108 to
actually cause the focus actuator 108 to drive the focus lens
L105. In the example of FIG. 11, when the current VD is VD
(5), the process at the step L1010 is performed at a timing of
a focus drive (6).

As described above, this embodiment moves the focus lens
L105 in the TVAF control while repeating “restart
determination”—“‘reciprocating”—“peak-climbing
drive”—“stop”—“‘reciprocating”—>“restart determination”,
thereby keeping an in-focus state such that the focus signal
always becomes maximum.

Moreover, in this embodiment there is sent, from the cam-
era body to the lens unit, the target defocus amount, the drive
start timing and the arrival determination criterion timing for
the focus lens 1.105. In addition, in this embodiment there is
sent, from the lens unit to the camera body, the result of the
arrival prediction of the focus lens [.105 to the target position
corresponding to the target defocus amount. Then, the camera
body progresses the TVAF control when receiving the infor-
mation showing that the focus lens [.105 is able to (approxi-
mately) arrive at the target position before the arrival deter-
mination criterion timing. On the other hand, the camera body
restricts (delays) the TVAF control when receiving the infor-
mation showing that the arrival is not achievable. Thereby,
this enables recognition of the period of the TVAF control in
advance, as well as lens-integrated cameras, even when lens
units having mutually different optical characteristics are
attached to the camera body, which makes it possible to
perform good TVAF control.

Description will be made of problems caused when the
arrival prediction of the focus lens described in this embodi-
ment is not performed, by using reference examples shown in
FIGS. 2A and 2B. FIG. 2A shows TVAF control in a lens-
integrated camera in which a lens unit is integrally provided to
a camera body. The TVAF control in the lens-integrated cam-
era decides target positions for moving a focus lens alter-
nately in the close and infinity directions with respect to its
driving center position. Moreover, the TVAF control in the
lens-integrated camera moves the driving center position,
based on a history of previous focus signals, as needed.

These target positions (drive amounts) and driving center
position are generally decided as ratios of a depth of focus.
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That is, the target position is necessary to be decided such that
the ratio of a defocus amount on an image sensor surface to
the depth of focus is constant and in consideration of the focus
sensitivity. For example, in FIG. 2A, at an AF control (6), a
focus signal (2) produced from a signal accumulated in the
image sensor at a VD (2) is compared with a focus signal (4)
produced from a signal accumulated in the image sensor at a
VD (4). Then, a target position of the focus lens correspond-
ing to a next VD (8) is decided based on a result of the
comparison, and the focus lens is moved to the target position.

When a target defocus amount corresponds to a predeter-
mined ratio a.to the depth of focus Fd and the focus sensitivity
is represented by v, the target position of the focus lens can be
expressed by Foxa/y with respect to the driving center posi-
tion. Thus, a drive speed of the focus lens (focus drive speed)
required to cause the focus lens to arrive at the target position
at the VD (8) can be calculated.

In other words, whether or not the focus lens is able to
arrive at the target position at the VD (8) with a specific focus
drive speed can be determined in advance.

If determining that the arrival is not achievable, a next
focus signal is produced by using, not the signal accumulated
at the VD (8), but a signal accumulated at a VD (9). This
makes it possible to mutually compare focus signals corre-
sponding to focus lens positions sufficiently defocused in the
close distance and infinity directions, which can avoid a prob-
lem of erroneous determination of an in-focus direction.

On the other hand, FIG. 2B shows TVAF control in a
lens-interchangeable camera system. Basic operations for the
TVAF control in the camera body are same as those of the
above-described lens-integrated camera. The TVAF control
in the lens-interchangeable camera system is different largely
in that the lens unit attached to the camera body has unknown
focus sensitivity. That is, although the defocus amount on the
image sensor surface required to determine the in-focus
direction can be calculated, an actual drive amount of the
focus lens and time required for driving the focus lens by that
drive amount are unknown. Therefore, the TVAF control
cannot directly manage the focus lens position. Accordingly,
the TVAF control cannot recognize the period of the TVAF
control in advance like the lens-integrated camera, and
thereby causes an unnecessary delay depending on timings of
communication with the lens unit, which increases time until
an in-focus state is obtained.

In the example of FIG. 2B, the target defocus amount
decided at an AF control (4) in the camera body is sent to the
lens unit in a coordinate system of an image plane movement
amount. The lens unit converts the received target defocus
amount into a target position at the AF control (4), and then
actually moves the focus lens. Furthermore, the lens unit
converts the actual movement amount of the focus lens into
the coordinate system of the image plane movement amount,
and sends it as the defocus amount to the camera body.

The drive of the focus lens has not been completed at a
timing of a focus position acquisition (6). Therefore, the
camera body determines that the arrival of the focus lens L105
at the target position before a VD (6) is not achievable on a
basis of the defocus amount received from the lens unit. As a
result, although the camera body originally should send
within the VD (6) a target defocus amount (drive instruction
in the infinity direction) produced at an AF control (6) to the
lens unit, the camera body actually sends it thereto at a timing
of a target defocus amount sending (9) withina VD (7). Thus,
in the example of FIG. 2B, the camera body cannot determine
that the arrival of the focus lens [.105 at the target position
before a VD (6) is achievable, which results in delay of the
TVAF control.
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Embodiment 2

Description will be made of a second embodiment (Em-
bodiment 2) of the present invention. Embodiment 1
described the case where the camera body sends the informa-
tion on the arrival determination criterion timing to the lens
unit, and the lens unit predicts whether or not the focus lens is
able to arrive at the target position before the arrival determi-
nation criterion timing and returns the result as the arrival
prediction. This embodiment will describe a case of realizing
same operations as those in Embodiment 1 but at different
timings from those in Embodiment 1. The configuration of a
lens-interchangeable camera system of this embodiment is
same as that of Embodiment 1 shown in FIG. 1. Moreover, an
overall flow of TVAF control in this embodiment is same as
that in Embodiment 1 shown in FIG. 3.

This embodiment mainly describes control performed by a
camera microcomputer C106 and a lens microcomputer .106
in a reciprocating operation corresponding to the reciprocat-
ing operation performed at step 302 shown in FIG. 3, with
reference to FIGS. 4 and 5.

In FIG. 4, at step C401, the camera microcomputer C106
determines whether or not a current timing with respect to a
vertical synchronizing signal of an image (image signal)
coincides with a predetermined timing at which communica-
tion with the lens microcomputer [.106 (hereinafter referred
to as “lens communication™) is performed. If the current
timing coincides with the predetermined timing (lens com-
munication timing), the camera microcomputer C106 pro-
ceeds to step C402, and if not, it returns to step C401 to wait
for the predetermined timing. This lens communication tim-
ing may be arbitrarily set on a basis of a start timing of charge
accumulation in an image sensor C101 for producing the
image signal, as long as a delay time of the lens communica-
tion timing with respect to the vertical synchronizing signal is
kept constant.

At step C402, the camera microcomputer C106 sends a
communication request to the lens microcomputer 1.106 to
start the lens communication.

On the other hand, at step 1.401, the lens microcomputer
L106 determines whether or not it has received the commu-
nication request sent from the camera microcomputer C106 at
step C402. If having received the communication request, the
lens microcomputer [.106 proceeds to step [.402, and if not, it
returns to step [.401 to wait for reception of the communica-
tion request.

At step L402, the lens microcomputer 106 resets its inter-
nal timer in response to start of a first communication, and
then measures a delay time from the start of the first commu-
nication.

At step 1403, the lens microcomputer [.106 sends a result
of'an arrival prediction calculated in a previous process to the
camera microcomputer C106. The communication here cor-
responds to part of the first communication. A detailed
description of the arrival prediction will be made later with
reference to step [.408.

At step C403, the camera microcomputer C106 receives
the result of the arrival prediction sent from the lens micro-
computer [.106 by the first communication at step L.403. In an
example of FIG. 5, when a current VD (vertical synchronizing
signal) is a VD (4), this process corresponds to a receiving
timing of an arrival prediction (4).

At step C404, the camera microcomputer C106 determines
whether or not a focus signal that is currently acquirable is
valid. That is, the camera microcomputer C106 determines
whether the image signal from which the focus signal is
produced was not accumulated while the focus lens [.105 was
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being moved, but instead accumulated while the focus lens
L.105 was stopped at a previous target position. If the image
signal is accumulated while the focus lens 1.105 was stopped,
the camera microcomputer C106 proceeds to step C405, and
if not, it proceeds to step C416. In the example of FIG. 5,
when the current VD is a VD (4), a focus signal acquirable
here is produced from the image signal accumulated at a VD
(2). Since the focus lens 1105 was stopped at a close distance
side position atthe VD (2), the focus signal produced from the
image signal accumulated at the VD (2) is determined to be
valid. On the other hand, when the current VD is the VD (5),
a focus signal acquirable here is produced from the image
signal accumulated at a VD (3). Since the focus lens [L105 was
being moved from an infinity side position toward the close
distance side position at the VD (3), the focus signal produced
from the image signal accumulated at the VD (3) is deter-
mined to be invalid.

Atstep C405, the camera microcomputer C106 determines
whether or not the result of the previous arrival prediction
received from the lens microcomputer [.106 at step C403
shows that arrival is achievable (that is, whether or not it has
received information showing that the focus lens 105 is able
to arrive at the target position). If the arrival is achievable, the
camera microcomputer C106 proceeds to step C406, and if
not (that is, the arrival is not achievable), it proceeds to step
C417. For example, when information on the result of the
arrival prediction sent from the lens microcomputer [L106 at a
timing of an arrival prediction (4) shows that the arrival is
achievable, the focus lens [.105 is predicted to be able to
arrive at the target position before start of charge accumula-
tion for producing the focus signal at the VD (4). On the other
hand, when the information on the result of the arrival pre-
diction sent from the lens microcomputer [.106 at the timing
of the arrival prediction (4) shows that the arrival is not
achievable, the focus lens 1105 is predicted to be unable to
arrive at the target position before the start of charge accumu-
lation for producing the focus signal at the VD (4).

When receiving by the first communication the informa-
tion showing that the arrival is not achievable, a next acquir-
able focus signal has a high possibility of providing an insuf-
ficient defocus amount since the focus lens [.105 is also being
currently moved, so that it is necessary to delay a period of the
TVAF control in order to prevent erroneous operations. Thus,
the camera microcomputer C106 proceeds to step C417 with-
out progressing the TVAF control (reciprocating operation).
That is, the camera microcomputer C106 restricts the pro-
gression of the TVAF control. For example, when receiving,
at the timing of the arrival prediction (4) (that is, by the first
communication at the VD (4)), the information showing that
the arrival is not achievable, the camera microcomputer C106
does not send a drive instruction to drive the focus lens L105
in a close distance direction, at a timing of a target defocus
amount (6). Then, when receiving, by the next first commu-
nication (that is, the first communication at the VD (5)), the
information showing that the arrival is achievable, the camera
microcomputer C106 sends the drive instruction to drive the
focus lens [.105 in the close distance direction by a second
communication at the same VD (5).

Atstep C406, the camera microcomputer C106 determines
whether or not the focus lens 1105 is currently stopped at an
infinity side position further than a driving center position
thereof. If so, the camera microcomputer C106 proceeds to
step C407, and if not, the camera microcomputer C106 pro-
ceeds to step C410. In the example of FIG. 5, when the current
VD is the VD (4), the camera microcomputer C106 deter-
mines that the focus lens [.105 is stopped at the infinity side
position. When the current VD is aVD (6), the camera micro-
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computer C106 determines that the focus lens L105 is
stopped at a close distance side position.

At step C407, the camera microcomputer C106 stores a
close distance side focus signal. In the example of FIG. 5,
when the current VD is the VD (4), the camera microcom-
puter C106 stores a focus signal (2) produced from the image
signal accumulated at the VD (2) at which the focus lens [.105
was stopped at the close distance side position.

At step C408, the camera microcomputer C106 compares a
level of the close distance side focus signal stored at step
C407 with that of an infinity side focus signal stored at pre-
vious step C410. If the close distance side focus signal level is
greater than the infinity side focus signal level, the camera
microcomputer C106 proceeds to step C409, and if not, it
proceeds to step C413. In the example of FIG. 5, when the
current VD is the VD (4), the camera microcomputer C106
compares levels of the focus signal (2) and a focus signal (0)
(not shown).

At step C409, the camera microcomputer C106 calculates
a movement amount (image plane center movement amount)
of the driving center position of the focus lens [.105 in the
close distance direction as a defocus amount on the image
sensor plane. This defocus amount is set within a depth of
focus.

At step C410, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the close distance direction with
respect to the driving center position as a defocus amount on
the image sensor surface. This defocus amount is also set
within the depth of focus, as well as the image plane center
movement amount.

At step C411, the camera microcomputer C106 stores the
infinity side focus signal. In the example of FIG. 5, when the
current VD is the VD (6), the camera microcomputer C106
stores a focus signal (4) produced from the image signal
accumulated at the VD (4) at which the focus lens [.105 was
stopped at the infinity side position.

At step C412, the camera microcomputer C106 compares a
level of the infinity side focus signal stored at step C411 with
that of the close distance side focus signal stored at previous
step C407. If the infinity side focus signal level is greater than
the close distance side focus signal level, the camera micro-
computer C106 proceeds to step C413, and if not, it proceeds
to step C414. In the example of FIG. 5, when the current VD
is the VD (6), the camera microcomputer C106 compares
levels of the focus signal (4) and the focus signal (2).

At step C413, the camera microcomputer C106 calculates
the movement amount (image plane center movement
amount) of the driving center position of the focus lens [.105
in the infinity direction as a defocus amount on the image
sensor plane. This defocus amount is set within the depth of
focus.

At step C414, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the infinity direction with respect to the
driving center position as a defocus amount on the image
sensor surface. This defocus amount is also set within the
depth of focus, as well as the image plane center movement
amount.

At step C415, the camera microcomputer C106 calculates
atiming (drive start timing) to actually start drive of the focus
lens 1105 to obtain the defocus amount as a target defocus
amount calculated at steps C409, C410, C413 and C414. This
embodiment defines this drive start timing by using a delay
time from (that is, with respect to) the start of the above-
mentioned first communication. Alternatively, the drive start
timing may be defined with respect to a charge accumulation
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start timing of the image sensor C101 for producing the image
signal or with respect to an output timing of the vertical
synchronizing signal.

At step C416, the camera microcomputer C106 calculates
a timing (predicted arrival timing) to determine whether or
not, when the focus lens .105 is driven from the drive start
timing calculated at step C415, the drive of the focus lens
L.105 is able to be completed before start of charge accumu-
lation for obtaining the above-mentioned target defocus
amount. The lens microcomputer [.106 predicts whether or
not the focus lens [.105 is able to arrive at a target position
corresponding to the target defocus amount at the predicted
arrival timing calculated (specified) in this step.

This embodiment defines this predicted arrival timing by
using the delay time from (that is, with respect to) the start of
the above-mentioned first communication. Alternatively, the
predicted arrival timing may be defined with respect to the
charge accumulation start timing of the image sensor C101
for producing the image signal or with respect to the output
timing of the vertical synchronizing signal.

At step C417, the camera microcomputer C106 sends the
communication request to the lens microcomputer 1.106
again to start the second communication. At step 1.404, the
lens microcomputer 1106 determines whether or not it has
received the communication request sent from the camera
microcomputer C106 at step C417. If having received the
communication request, the lens microcomputer [.106 pro-
ceeds to step [.405, if not, it returns to step 1.404 to wait for
reception of the communication request.

At step C418, the camera microcomputer C106 sends, in
response to the lens communication, information on the target
defocus amount calculated at steps C409, C410, C413 and
C414 to the lens microcomputer 1.106. The communication
here corresponds to the above-mentioned second communi-
cation. Moreover, the camera microcomputer C106 further
sends to the lens microcomputer 1.106 information on the
drive start timing and the predicted arrival timing calculated
(specified) at steps C415 and C416. In the example of FIG. 5,
when the current VD is the VD (4), this process corresponds
to a sending timing of the target defocus amount (6), a drive
start timing (6) and a predicted arrival timing (6). If the result
of the arrival prediction received at step C403 shows that the
arrival is not achievable, the camera microcomputer C106
sends to the lens microcomputer [.106, at the target defocus
amount (6), a same value of the image plane amplitude
amount as that in the previous second communication and an
image plane center movement amount of 0.

Atthe lens unit, at step L405, the lets microcomputer .106
receives the information on the target defocus amount, the
drive start timing and the predicted arrival timing sent from
the camera microcomputer C106 at step C418.

At step [.406, the lens microcomputer [.106 calculates an
actual drive amount (that is, the drive amount to drive the
focus lens to a target position) of the focus lens 105 on a
basis of the target defocus amount received at step 1.405 and
current focus sensitivity.

At step [.407, the lens microcomputer [.106 calculates a
drive speed of the focus lens 1.105 according to the actual
drive amount calculated at step 1.406.

At step 1408, the lens microcomputer 106 makes the
arrival prediction for the focus lens [.105 driven at the drive
speed calculated at step [.407 from the drive start timing
received at step [.405. Specifically, the lens microcomputer
L.106 predicts whether or not a predicted drive amount of the
focus lens 105 from the drive start timing to the predicted
arrival timing received at step 1.405 reaches the actual drive
amount of the focus lens 1.105 calculated at step L.406. Thus,
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the lens microcomputer [.L106 predicts whether or not the
focus lens [.105 is able to arrive at the target position. The lens
microcomputer [.106 sends the result of this arrival prediction
to the camera microcomputer C106 by the first communica-
tion at next step [.403.

In this embodiment, the lens microcomputer 1.106 per-
forms fixed length packet communication, and a predeter-
mined bit in a packet is used to show the result of the arrival
prediction. For example, if a value of the predetermined bit is
1, the camera microcomputer C106 determines that the focus
lens [.105 is able to arrive at the target position. On the other
hand, if the value of the predetermined bit is O, the camera
microcomputer C106 determines that the focus lens [.105 is
unable to arrive at the target position.

At step 1409, the lens microcomputer 106 determines,
with reference to a value of the internal counter reset at step
L.402, whether or not the delay time from the start of the first
communication coincides with the drive start timing received
at step L.405. If the delay time coincides with the drive start
timing, the lens microcomputer [.106 proceeds to step [.410,
and if not, it proceeds to step [.409 to wait for coincidence
thereof.

At step [.410, the lens microcomputer [.106 sets the actual
movement amount calculated at step L406 and the drive speed
calculated at step 1407 to a focus actuator [.108 to actually
cause the focus actuator 108 to drive the focus lens L.105. In
the example of FIG. 5, when the current VD is the VD (4), the
process here is performed at a timing of a focus drive (6).

As described above, this embodiment moves the focus lens
L105 in the TVAF control while repeating “restart
determination”—“‘reciprocating”—“peak-climbing
drive”—“stop”—“‘reciprocating”—>“restart determination”,
thereby keeping an in-focus state such that the focus signal
always becomes maximum.

Moreover, in this embodiment, the target defocus amount,
the drive start timing and the predicted arrival timing for the
focus lens [.105 are sent from the camera body to the lens unit.
In addition, in this embodiment, the result of the arrival pre-
diction of the focus lens 1105 to the target position corre-
sponding to the target defocus amount is sent from the lens
unit to the camera body. Then, the camera body progresses the
TVAF control when receiving information showing that the
arrival is achievable. On the other hand, the camera body
restricts (delays) the TVAF control when receiving informa-
tion showing that the arrival is not achievable. Thereby, this
embodiment enables recognition of the period of the TVAF
control in advance which makes it possible to perform good
TVAF control even when lens units having mutually different
optical characteristics are attached to the camera body. Thus,
this embodiment allows TVAF control in an lens-inter-
changeable camera that is as effective as that used in a con-
ventional TVAF lens-integrated camera.

Embodiment 3

Description will now be made of a third embodiment (Em-
bodiment 3) of the present invention. This embodiment will
describe a case where a camera body sends information on a
timing of defocus amount prediction to a lens unit, and the
lens unit predicts an actual drive amount of a focus lens at the
defocus amount prediction timing and converts a result of the
defocus amount prediction into a defocus amount on an
image sensor surface for returning to the camera body. A
configuration of a lens-interchangeable camera system of this
embodiment is same as that of Embodiment 1 shown in FIG.
1. Moreover, an overall flow of TVAF control in this embodi-
ment is same as that in Embodiment 1 shown in FIG. 3.
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This embodiment mainly describes control performed by a
camera microcomputer C106 and a lens microcomputer .106
in a reciprocating operation corresponding to the reciprocat-
ing operation performed at step 302 shown in FIG. 3, with
reference to FIGS. 6 and 7.

In FIG. 6, at step C601, the camera microcomputer C106
determines whether or not a current timing with respect to a
vertical synchronizing signal of an image (image signal)
coincides with a predetermined timing at which a first com-
munication (lens communication) with the lens microcom-
puter 1106 is performed. If the current timing coincides with
the predetermined timing (first communication timing), the
camera microcomputer C106 proceeds to step C602, and if
not, it returns to step C601 to wait for the predetermined
timing. This first communication timing may be arbitrarily set
ona basis ofa start timing of charge accumulation in an image
sensor C101 for producing the image signal, as long as a delay
time of the first communication timing with respect to the
vertical synchronizing signal is kept constant.

At step C602, the camera microcomputer C106 sends a
communication request to the lens microcomputer 1.106 to
start the first communication.

On the other hand, at step 1601, the lens microcomputer
L106 determines whether or not it has received the commu-
nication request sent from the camera microcomputer C106 at
step C602. If having received the communication request, the
lens microcomputer .106 proceeds to step 602, and if not, it
returns to step [.601 to wait for reception of the communica-
tion request.

At step L.602, the lens microcomputer [.106 resets its inter-
nal timer in response to start of the first communication, and
then measures a delay time from the start of the first commu-
nication.

At step 1603, the lens microcomputer [.106 sends a result
of the defocus amount prediction calculated in a previous
process to the camera microcomputer C106. The communi-
cation here corresponds to part of the first communication. A
detailed description of the defocus amount prediction will be
made later, in particular when describing step [.608.

Considering now the steps performed by the camera, at
step C603, the camera microcomputer C106 receives the
result of the defocus amount prediction sent from the lens
microcomputer [L106 by the first communication at step
L.603. In an example of FIG. 7, when a current VD (vertical
synchronizing signal) is VD (4), this process corresponds to a
receiving timing of a defocus amount prediction (4).

Atstep C604, the camera microcomputer C106 determines
whether or not a focus signal that is currently acquirable is
valid. That is, the camera microcomputer C106 determines
whether the image signal from which the focus signal is
produced was not accumulated while the focus lens [.105 was
being moved, but accumulated while the focus lens [.105 was
stopped at a previous target position. If the image signal was
accumulated while the focus lens [.105 was stopped, the
camera microcomputer C106 proceeds to step C605, and if
not, it proceeds to step C616. In the example of FIG. 7, when
the current VD is the VD (4), a focus signal acquirable here is
produced from the image signal accumulated at a VD (2).
Since the focus lens 1.105 was stopped at a close distance side
position at the VD (2), the focus signal produced from the
image signal accumulated at the VD (2) is determined to be
valid. On the other hand, when the current VD is a VD (5), a
focus signal acquirable here is produced from the image
signal accumulated at a VD (3). Since the focus lens [L105 was
being moved from an infinity side position toward the close
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distance side position at the VD (3), the focus signal produced
from the image signal accumulated at the VD (3) is deter-
mined to be invalid.

At step C605, the camera microcomputer C106 determines
whether or not a ratio of the result of the previous defocus
amount prediction received at step C603 to a target defocus
amount sent at previous step C618 (described later) is equal to
or greater than a predetermined ratio. This determination
corresponds to a determination of whether or not the focus
lens 1105 is predicted to be able to substantially arrive at a
target position corresponding to the target defocus amount. If
the ratio of the result of the defocus amount prediction to the
target defocus amount is equal to or greater than the prede-
termined ratio (that is, if receiving information shows that the
arrival of the focus lens [.105 at the target position is achiev-
able), the camera microcomputer C106 proceeds to step
C606. If not (that is, if receiving information shows that the
arrival of the focus lens [.105 at the target position is not
achievable), the camera microcomputer C106 proceeds to
step C617. For example, when the information sent from the
lens microcomputer [.106 at a timing of an arrival prediction
(4) shows that the arrival is achievable, the focus lens 1105 is
predicted to be able to arrive at the target position before start
of charge accumulation for producing the focus signal at the
VD (4). On the other hand, when the information sent from
the lens microcomputer 106 at the timing of the arrival
prediction (4) shows that the arrival is not achievable, the
focus lens [.105 is predicted to be unable to arrive at the target
position before the start of charge accumulation for produc-
ing the focus signal at the VD (4).

When receiving by the first communication the informa-
tion showing that the arrival is not achievable, a next acquir-
able focus signal has a high possibility of providing an insuf-
ficient defocus amount since the focus lens 1.105 is also being
currently moved, so that it is necessary to delay a period of the
TVAF control in order to prevent erroneous operations. Thus,
the camera microcomputer C106 proceeds to step C617 with-
out progressing the TVAF control (reciprocating operation).
That is, the camera microcomputer C106 restricts the pro-
gression of the TVAF control. For example, when receiving,
at the timing of the arrival prediction (4) (that is, by the first
communication at the VD (4)), the information showing that
the arrival is not achievable, the camera microcomputer C106
does not send a drive instruction to drive the focus lens L105
in a close distance direction, at a timing of a target defocus
amount (6). Then, when receiving, by the next first commu-
nication (that is, the first communication at the VD (5)), the
information showing that the arrival is achievable, the camera
microcomputer C106 sends the drive instruction to drive the
focus lens [.105 in the close distance direction by a second
communication at the same VD (5).

At step C606, the camera microcomputer C106 determines
whether or not the focus lens 1105 is currently stopped at an
infinity side position further than a driving center position
thereof. If so, the camera microcomputer C106 proceeds to
step C607, and if not, the camera microcomputer C106 pro-
ceeds to step C610. Inthe example of FIG. 7, when the current
VD is the VD (4), the camera microcomputer C106 deter-
mines that the focus lens [.105 is stopped at the infinity side
position. When the current VD is a VD (6), the camera micro-
computer C106 determines that the focus lens L105 is
stopped at a close distance side position.

At step C607, the camera microcomputer C106 stores a
close distance side focus signal. In the example of FIG. 7,
when the current VD is the VD (4), the camera microcom-
puter C106 stores a focus signal (2) produced from the image
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signal accumulated at the VD (2) at which the focus lens .105
was stopped at the close distance side position.

Atstep C608, the camera microcomputer C106 compares a
level of the close distance side focus signal stored at step
C607 with that of an infinity side focus signal stored at pre-
vious step C610 (described later). If the close distance side
focus signal level is greater than the infinity side focus signal
level, the camera microcomputer C106 proceeds to step
C609, and if not, it proceeds to step C613. In the example of
FIG. 7, when the current VD is the VD (4), the camera micro-
computer C106 compares levels of the focus signal (2) and a
focus signal (0) (not shown).

At step C609, the camera microcomputer C106 calculates
a movement amount (image plane center movement amount)
of'a driving center position of the focus lens [.105 in the close
distance direction as a defocus amount on the image sensor
plane. This defocus amount is set within a depth of focus.

At step C610, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the close distance direction with
respect to the driving center position as a defocus amount on
the image sensor surface. This defocus amount is also set
within the depth of focus, as well as the image plane center
movement amount.

At step C611, the camera microcomputer C106 stores the
infinity side focus signal. In the example of FIG. 7, when the
current VD is the VD (6), the camera microcomputer C106
stores a focus signal (4) produced from the image signal
accumulated at the VD (4) at which the focus lens 1105 was
stopped at the infinity side position.

Atstep C612, the camera microcomputer C106 compares a
level of the infinity side focus signal stored at step C611 with
that of the close distance side focus signal stored at previous
step C607. If the infinity side focus signal level is greater than
the close distance side focus signal level, the camera micro-
computer C106 proceeds to step C613, and if not, it proceeds
to step C614. In the example of FIG. 7, when the current VD
is the VD (6), the camera microcomputer C106 compares
levels of the focus signal (4) and the focus signal (2).

At step C613, the camera microcomputer C106 calculates
the movement amount (image plane center movement
amount) of the driving center position of the focus lens [.105
in the infinity direction as a defocus amount on the image
sensor plane. This defocus amount is set within the depth of
focus.

At step C614, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the infinity direction with respect to the
driving center position as a defocus amount on the image
sensor surface. This defocus amount is also set within the
depth of focus, as well as the image plane center movement
amount.

At step C615, the camera microcomputer C106 calculates
atiming (drive start timing) to actually start drive of the focus
lens 1105 to obtain the defocus amount as a target defocus
amount calculated at steps C609, C610, C613 and C614. This
embodiment defines this drive start timing by using a delay
time from (that is, with respect to) the start of the above-
mentioned first communication. Alternatively, the drive start
timing may be defined with respect to a charge accumulation
start timing of the image sensor C101 for producing the image
signal or with respect to an output timing of the vertical
synchronizing signal.

At step C616, the camera microcomputer C106 calculates
a timing (defocus amount prediction timing) as a criterion
timing to determine whether or not, when the focus lens .105
is driven from the drive start timing calculated at step C615,
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the drive of the focus lens [.105 is completed before start of
charge accumulation for obtaining the above-mentioned tar-
get defocus amount. The lens microcomputer 1106 predicts
an actual drive amount of the focus lens 1105 at the defocus
amount prediction timing calculated here, and converts the
predicted actual drive amount into a defocus amount on the
image sensor surface. In this embodiment this defocus
amount prediction timing is defined by using the delay time
from (that is, on the basis of) the start of the above-mentioned
first communication. Alternatively, the defocus amount pre-
diction timing may be defined on the basis of the charge
accumulation start timing of the image sensor C101 for pro-
ducing the image signal or on the basis of the output timing of
the vertical synchronizing signal.

At step C617, the camera microcomputer C106 sends the
communication request to the lens microcomputer [.106
again to start the second communication.

At step 1604, the lens microcomputer [.L106 determines
whether or not it has received the communication request sent
from the camera microcomputer C106 at step C617. If having
received the communication request, the lens microcomputer
L.106 proceeds to step 1.605, if not, it returns to step 1.604 to
wait for reception of the communication request.

At step C618, the camera microcomputer C106 sends, in
response to the second communication, information on the
target defocus amount calculated at steps C609, C610, C613
and C614 to the lens microcomputer 1.106. Moreover, the
camera microcomputer C106 further sends to the lens micro-
computer [.106 information on the drive start timing and the
defocus amount prediction timing calculated (specified) at
steps C615 and C616. In the example of FIG. 7, when the
current VD is the VD (4), this process corresponds to a send-
ing timing of the target defocus amount (6), a drive start
timing (6) and a defocus amount prediction timing (6). If the
result of the arrival prediction received at step C603 shows
that the arrival is not achievable, the camera microcomputer
C106 sends to the lens microcomputer [.106, at the target
defocus amount (6), a same value of the image plane ampli-
tude amount as that in the previous second communication
and an image plane center movement amount of 0.

At step 1605, the lens microcomputer 1106 receives the
information on the target defocus amount, the drive start
timing and the defocus amount prediction timing sent from
the camera microcomputer C106 at step C618.

At step 1606, the lens microcomputer [.106 calculates an
actual drive amount of the focus lens L105 on a basis of the
target defocus amount received at step [.605 and current focus
sensitivity.

At step 1607, the lens microcomputer [.106 calculates a
drive speed of the focus lens 1.105 according to the actual
drive amount calculated at step 1.606.

At step 1608, the lens microcomputer [.L106 makes the
defocus amount prediction for the focus lens [.105 driven at
the drive speed calculated at step L607 from the drive start
timing received at step L605. Specifically, the lens microcom-
puter .106 predicts a drive amount of the focus lens 1.105
from the drive start timing to the defocus amount prediction
timing received at step [.605, and converts the predicted drive
amount into a defocus amount on the image sensor surface.
This defocus amount prediction corresponds to prediction of
whether or not arrival of the focus lens [L105 at the target
position is achievable. The lens microcomputer [L106 sends
the result of this defocus amount prediction to the camera
microcomputer C106 by the first communication at next step
L.603.

In this embodiment, the lens microcomputer 1.106 per-
forms fixed length packet communication, and a predeter-
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mined bit in a packet is used to show the result of the predic-
tion of whether or not the arrival is achievable. For example,
if a value of the predetermined bit is 1, the camera microcom-
puter C106 determines that the focus lens 1105 is able to
arrive at the target position. On the other hand, if the value of
the predetermined bit is 0, the camera microcomputer C106
determines that the focus lens L105 is unable to arrive at the
target position.

At step 1609, the lens microcomputer [.106 determines,
with reference to a value of the internal counter reset at step
1,602, whether or not the delay time from the start of the first
communication coincides with the drive start timing received
at step L.605. If the delay time coincides with the drive start
timing, the lens microcomputer [.106 proceeds to step [.610,
and if not, it proceeds to step [.609 to wait for coincidence
thereof.

At step 1610, the lens microcomputer 1,106 sets the actual
movement amount calculated at step 1.606 and the drive speed
calculated at step L.607 to a focus actuator [.108 to actually
cause the focus actuator 108 to drive the focus lens L105. In
the example of FIG. 7, when the current VD is the VD (4), the
process here is performed at a timing of a focus drive (6).

As described above, this embodiment moves the focus lens
L105 in the TVAF control while repeating “restart
determination”—“‘reciprocating”—“peak-climbing
drive”—“stop”—“reciprocating”—>“restart determination”,
thereby keeping an in-focus state such that the focus signal
always becomes maximum.

Moreover, in this embodiment, the target defocus amount,
the drive start timing and the defocus amount prediction tim-
ing for the focus lens [.105 are sent from the camera body to
the lens unit. In addition, in this embodiment, the result of the
defocus amount prediction with respect to the target defocus
amount is sent from the lens unit to the camera body. Then, the
camera body progresses the TVAF control when receiving
information showing that the arrival is achievable, that is, the
focus lens [L105 is able to (approximately) arrive at the target
position corresponding to the target defocus amount. How-
ever, the camera body restricts (delays) the TVAF control
when receiving information showing that the arrival is not
achievable. Thereby, this embodiment enables recognition of
the period of the TVAF control in advance even when lens
units having mutually different optical characteristics are
attached to the camera body. This which makes it possible to
perform TVAF control in a lens-interchangeable camera
which is as good as the control in a lens-integrated camera.

Embodiment 4

Description will be made of a fourth embodiment (Em-
bodiment 4) of the present invention. This embodiment will
describe a case where a lens unit sends, to a camera body,
information on a result of prediction of an arrival timing at
which a focus lens is able to arrive at a target position.

A configuration of a lens-interchangeable camera system
of'this embodiment is same as that of Embodiment 1 shown in
FIG. 1. Moreover, an overall flow of TVAF control in this
embodiment is same as that in Embodiment 1 shown in FIG.
3.

This embodiment mainly describes control performed by a
camera microcomputer C106 and a lens microcomputer .106
in a reciprocating operation corresponding to the reciprocat-
ing operation performed at step 302 shown in FIG. 3, with
reference to FIGS. 8 and 9.

In FIG. 8, at step C801, the camera microcomputer C106
determines whether or not a current timing with respect to a
vertical synchronizing signal of an image (image signal)
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coincides with predetermined timing at which a first commu-
nication with the lens microcomputer [.106 is performed. If
the current timing coincides with the predetermined timing
(first communication timing), the camera microcomputer
C106 proceeds to step C802, and if not, it returns to step C801
to wait for the predetermined timing. This first communica-
tion timing may be arbitrarily set with respect to a start timing
of charge accumulation in an image sensor C101 for produc-
ing the image signal, as long as a delay time of the first
communication timing with respect to the vertical synchro-
nizing signal is kept constant.

At step C802, the camera microcomputer C106 sends a
communication request to the lens microcomputer 1.106 to
start the first communication.

On the other hand, at step L.801, the lens microcomputer
L106 determines whether or not it has received the commu-
nication request sent from the camera microcomputer C106 at
step C802. If having received the communication request, the
lens microcomputer [.106 proceeds to step [.802, and if not, it
returns to step LL.801 to wait for reception of the communica-
tion request.

At step 802, the lens microcomputer 106 resets its inter-
nal timer in response to start of the first communication, and
then measures a delay time from the start of the first commu-
nication.

At step 1803, the lens microcomputer [.106 sends a result
of'the prediction of the arrival timing calculated in a previous
process to the camera microcomputer C106. The communi-
cation here corresponds to part of the first communication. A
detailed description of the arrival timing prediction will be
made at step 1.808 later.

On the other hand, at step C803, the camera microcom-
puter C106 receives the result of the arrival timing prediction
sent from the lens microcomputer 1106 by the first commu-
nication at step L.803. In an example of FIG. 9, when a current
VD (vertical synchronizing signal) is a VD (4), this process
corresponds to receiving timing of an arrival timing predic-
tion (4).

At step C804, the camera microcomputer C106 determines
whether or not a focus signal that is currently acquirable is
valid. That is, the camera microcomputer C106 determines
whether the image signal from which the focus signal is
produced was not accumulated while the focus lens [.105 was
being moved, but accumulated while the focus lens [.105 was
stopped at a previous target position. If the image signal was
accumulated while the focus lens [.105 was stopped, the
camera microcomputer C106 proceeds to step C805, and if
not, it proceeds to step C816. In the example of FIG. 9, when
the current VD is the VD (4), a focus signal acquirable here is
produced from the image signal accumulated at a VD (2).
Since the focus lens 1.105 was stopped at a close distance side
position at the VD (2), the focus signal produced from the
image signal accumulated at the VD (2) is determined to be
valid. On the other hand, when the current VD is a VD (5), a
focus signal acquirable here is produced from the image
signal accumulated at aVD (3). Since the focus lens [L105 was
being moved from an infinity side position toward the close
distance side position at the VD (3), the focus signal produced
from the image signal accumulated at the VD (3) is deter-
mined to be invalid.

At step C805, the camera microcomputer C106 determines
whether or not the result of the previous arrival timing pre-
diction received at step C803 is within a predetermined allow-
able time range with respect to an arrival determination cri-
terion timing calculated at previous step C816 (described
later). This determination corresponds to a determination of
whether or not the focus lens [.105 is predicted to be able to
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substantially arrive at a target position corresponding to a
target defocus amount within a predetermined time period.

If the result of the arrival timing prediction is within the
predetermined time period with respect to the arrival deter-
mination criterion timing (that is, if receiving information
showing that the arrival of the focus lens 1105 at the target
position is achievable), the camera microcomputer C106 pro-
ceeds to step C806. If not (that is, if receiving information
shows that the arrival of the focus lens [L105 at the target
position is not achievable), the camera microcomputer C106
proceeds to step C817. For example, when the information
sent from the lens microcomputer [.106 at a timing of an
arrival prediction (4) shows that the arrival is achievable, the
focus lens 105 is predicted to be able to arrive at the target
position before start of charge accumulation for producing
the focus signal at the VD (4). On the other hand, when the
information sent from the lens microcomputer [.106 at the
timing of'the arrival prediction (4) shows that the arrival is not
achievable, the focus lens 1105 is predicted to be unable to
arrive at the target position before the start of charge accumu-
lation for producing the focus signal at the VD (4).

When receiving by the first communication information
showing that the arrival is not achievable, a next acquirable
focus signal has a high probability of providing an insufficient
defocus amount since the focus lens [.105 is also being cur-
rently moved, so that it is necessary to delay a period of the
TVAF control in order to prevent erroneous operations. Thus,
the camera microcomputer C106 proceeds to step C817 with-
out progressing the TVAF control (reciprocating operation).
That is, the camera microcomputer C106 restricts the pro-
gression of the TVAF control. For example, when receiving,
at the timing of the arrival prediction (4) (that is, by the first
communication at the VD (4)), the information showing that
the arrival is not achievable, the camera microcomputer C106
does not send a drive instruction to drive the focus lens L105
in a close distance direction, at a timing of a target defocus
amount (6). Then, when receiving, by the next first commu-
nication (that is, the first communication at the VD (5)), the
information showing that the arrival is achievable, the camera
microcomputer C106 sends the drive instruction to drive the
focus lens [.105 in the close distance direction by a second
communication at the same VD (5).

Atstep C806, the camera microcomputer C106 determines
whether or not the focus lens 1105 is currently stopped at an
infinity side position further than a driving center position
thereof. If so, the camera microcomputer C106 proceeds to
step C807, and if not, the camera microcomputer C106 pro-
ceeds to step C810. In the example of FIG. 9, when the current
VD is the VD (4), the camera microcomputer C106 deter-
mines that the focus lens [.105 is stopped at the infinity side
position. When the current VD is aVD (6), the camera micro-
computer C106 determines that the focus lens L105 is
stopped at a close distance side position.

At step C807, the camera microcomputer C106 stores a
close distance side focus signal. In the example of FIG. 9,
when the current VD is the VD (4), the camera microcom-
puter C106 stores a focus signal (2) produced from the image
signal accumulated at the VD (2) at which the focus lens .105
was stopped at the close distance side position.

Atstep C808, the camera microcomputer C106 compares a
level of the close distance side focus signal stored at step
C807 with that of an infinity side focus signal stored at pre-
vious step C810 (described later). If the close distance side
focus signal level is greater than the infinity side focus signal
level, the camera microcomputer C106 proceeds to step
C809, and if not, it proceeds to step C813. In the example of
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FIG. 9, when the current VD is the VD (4), the camera micro-
computer C106 compares levels of the focus signal (2) and a
focus signal (0) (not shown).

At step C809, the camera microcomputer C106 calculates
a movement amount (image plane center movement amount)
of'a driving center position of the focus lens [.105 in the close
distance direction as a defocus amount on the image sensor
plane. This defocus amount is set within a depth of focus.

At step C810, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the close distance direction with
respect to the driving center position as a defocus amount on
the image sensor surface. This defocus amount is also set
within the depth of focus, as well as the image plane center
movement amount.

At step C811, the camera microcomputer C106 stores the
infinity side focus signal. In the example of FIG. 9, when the
current VD is the VD (6), the camera microcomputer C106
stores a focus signal (4) produced from the image signal
accumulated at the VD (4) at which the focus lens [.105 was
stopped on the infinity side position.

At step C812, the camera microcomputer C106 compares a
level of the infinity side focus signal stored at step C811 with
that of the close distance side focus signal stored at previous
step C807. If the infinity side focus signal level is greater than
the close distance side focus signal level, the camera micro-
computer C106 proceeds to step C813, and if not, it proceeds
to step C814. In the example of FIG. 9, when the current VD
is the VD (6), the camera microcomputer C106 compares
levels of the focus signal (4) and the focus signal (2).

At step C813, the camera microcomputer C106 calculates
the movement amount (image plane center movement
amount) of the driving center position of the focus lens [.105
in the infinity direction as a defocus amount on the image
sensor plane. This defocus amount is set within the depth of
focus.

At step C814, the camera microcomputer C106 calculates
a movement amount of the focus lens [.L105 (image plane
amplitude amount) in the infinity direction with respect to the
driving center position as a defocus amount on the image
sensor surface. This defocus amount is also set within the
depth of focus, as well as the image plane center movement
amount.

At step C815, the camera microcomputer C106 calculates
atiming (drive start timing) to actually start drive of the focus
lens 1105 to obtain the defocus amount as a target defocus
amount calculated at steps C809, C810, C813 and C814. This
embodiment defines this drive start timing by using a delay
time from (that is, with respect to) the start of the above-
mentioned first communication. Alternatively, the drive start
timing may be defined with respect to a charge accumulation
start timing of the image sensor C101 for producing the image
signal or with respect to an output timing of the vertical
synchronizing signal.

At step C816, the camera microcomputer C106 calculates
the arrival determination criterion timing that serves as a
criterion for determining whether or not the drive of the focus
lens [.105 is able to be completed before start of charge
accumulation for obtaining the target defocus amount when
driving the focus lens [.105 from the drive start timing calcu-
lated at step C815. This embodiment defines this arrival deter-
mination criterion timing by using a delay time from the start
of the above-mentioned first communication. Alternatively,
the arrival determination criterion timing may be defined on
the basis of the charge accumulation start timing of the image
sensor C101 for producing the image signal or on the basis of
the output timing of the vertical synchronizing signal.
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At step C817, the camera microcomputer C106 sends the
communication request to the lens microcomputer 1.106
again to start the second communication.

At step 1.804, the lens microcomputer 106 determines
whether or not ithas received the communication request sent
from the camera microcomputer C106 at step C817. If having
received the communication request, the lens microcomputer
L.106 proceeds to step 1.805, if not, it returns to step L.804 to
wait for reception of the communication request.

At step C818, the camera microcomputer C106 sends, in
response to the second communication, information on the
target defocus amount calculated at steps C809, C810, C813
and C814 to the lens microcomputer 1.106. Moreover, the
camera microcomputer C106 further sends to the lens micro-
computer [.106 information on the drive start timing and the
arrival determination criterion timing calculated (specified)
at steps C815 and C816. In the example of FIG. 9, when the
current VD is the VD (4), this process corresponds to a send-
ing timing of the target defocus amount (6), a drive start
timing (6) and an arrival determination criterion timing (6). If
the result of the arrival prediction received at step C803 shows
that the arrival is not achievable, the camera microcomputer
C106 sends to the lens microcomputer [.106, at the target
defocus amount (6), a same value of the image plane ampli-
tude amount as that in the previous second communication
and an image plane center movement amount of 0.

At step 805, the lens microcomputer [.L106 receives the
information on the target defocus amount, the drive start
timing and the arrival determination criterion timing sent
from the camera microcomputer C106 at step C818.

At step [.806, the lens microcomputer [.106 calculates an
actual drive amount of the focus lens L105 on a basis of the
target defocus amount received at step [.805 and current focus
sensitivity.

At step L.807, the lens microcomputer [.106 calculates a
drive speed of the focus lens 1.105 according to the actual
drive amount calculated at step 1.806.

At step 1808, the lens microcomputer 106 makes the
defocus amount prediction for the focus lens [.105 driven at
the drive speed calculated at step L.807. Specifically, the lens
microcomputer [.L106 predicts a timing at which the focus lens
LL105 is able to arrive at the target position. The lens micro-
computer [.106 sends the result of this arrival timing predic-
tion to the camera microcomputer C106 by the first commu-
nication at next step L.803.

In this embodiment, the lens microcomputer [.106 per-
forms a fixed length packet communication, and a predeter-
mined bit in a packet is used to show the result of the arrival
timing prediction.

At step L809, the lens microcomputer 1.106 determines,
with reference to a value of the internal counter reset at step
1.802, whether or not the delay time from the start of the first
communication coincides with the drive start timing received
at step L.805. If the delay time coincides with the drive start
timing, the lens microcomputer [.106 proceeds to step L.810,
and if not, it proceeds to step [.809 to wait for coincidence
thereof.

At step L810, the lens microcomputer 1,106 sets the actual
movement amount calculated at step .806 and the drive speed
calculated at step L807 to a focus actuator [.108 to actually
cause the focus actuator 108 to drive the focus lens L105. In
the example of FIG. 9, when the current VD is the VD (4), the
process here is performed at a timing of a focus drive (6).

As described above, this embodiment moves the focus lens
L105 in the TVAF control while repeating “restart
determination”—“‘reciprocating”—“peak-climbing
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drive”—“stop”—“‘reciprocating”—>“restart determination”,
thereby keeping an in-focus state such that the focus signal
always becomes maximum.

Moreover, in this embodiment the target defocus amount,
the drive start timing and the arrival determination criterion
timing for the focus lens [.105 are sent from the camera body
to the lens unit. In addition, in this embodiment, the result of
the arrival timing prediction of the focus lens [.105 to the
target position corresponding to the target defocus amount is
sent from the lens unit to the camera body. Then, the camera
body progresses the TVAF control when receiving the infor-
mation showing that the arrival is achievable, that is, the focus
lens [.105 is able to (approximately) arrive at the target posi-
tion. On the other hand, the camera body restricts (delays) the
TVAF control when receiving the information showing that
the arrival is not achievable. Thereby, this embodiment
enables recognition of the period of the TVAF control in
advance even when lens units having mutually different opti-
cal characteristics are attached to the camera body. This
makes it possible to perform good TVAF control in a lens-
interchangeable camera which is as good as that with a lens-
integrated camera.

In addition to the above-described embodiments, alterna-
tive embodiments of the present invention includes a case of
installing software (computer program) capable of realizing
the functions described in each of the above-described
embodiments in an image pickup apparatus and an inter-
changeable lens each of which is provided with a computer
from a storage (recording) medium directly or through wired
or wireless communication to cause the computer to execute
the software.

While the present invention has been described with refer-
ence to particular embodiments, it is to be understood that the
invention is not limited to those embodiments. The scope of
the following claims is to be accorded the broadest interpre-
tation so as to encompass all such modifications and equiva-
lent structures and functions.

This application claims the benefit of Japanese Patent
Application Nos. 2012-004563, filed on Jan. 13, 2012, and
2012-276293, filed on Dec. 18, 2012, which are hereby incor-
porated by reference herein in their entirety.

What is claimed is:

1. An image pickup apparatus to which a lens unit provided
with an image taking optical system including a focus lens is
detachably mountable, the apparatus comprising:

an image sensor operable to perform charge accumulation

and generate an image signal; and

a controller configured to control communication with a

mounted lens unit and to generate a drive instruction to
drive the focus lens of the mounted lens unit on a basis of
a focus signal generated by using the image signal, said
focus signal indicating a focus state of the image taking
optical system,

wherein a reciprocating operation of the focus lens is per-

formed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion,

wherein when the reciprocating operation of the focus lens

is performed, the controller is configured to send infor-
mation relating to a predetermined timing and the drive
instruction to the lens unit, and receive, from the lens
unit, a first signal indicating whether the focus lens is
able to be moved by a movement amount based on the
drive instruction to satisfy the predetermined timing,
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wherein the controller is further configured to:

(a) if the first signal indicates that the focus lens is able to
be moved by the movement amount based on the drive
instruction to satisfy the predetermined timing, generate
the new drive instruction by using a focus signal gener-
ated based on charge accumulated in a first time period,
and

(b) if the first signal indicates that the focus lens is not able
to be moved by the movement amount based on the drive
instruction, generate the new drive instruction by using a
focus signal generated based on charge accumulated in a
second time period after the first time period, and

wherein the predetermined timing is timing relating to
starting of the charge accumulation for generating the
focus signal.

2. The image pickup apparatus according to claim 1,
wherein the controller is further configured to change the
focus signal to be used for generating the drive instruction
depending on indication of the first signal.

3. The image pickup apparatus according to claim 1,
wherein the controller is further configured to control a stop-
ping time period to stop the focus lens after completion of its
movement based on the drive instruction.

4. The image pickup apparatus according to claim 3,
wherein the controller is further configured to, when the first
signal indicates that the focus lens is not able to be moved by
the movement amount based on the drive instruction to satisfy
the predetermined timing, control the stopping time period to
be longer than when the first signal indicates that the focus
lens is able to be moved by the movement amount based on
the drive instruction.

5. The image pickup apparatus according to claim 1,
wherein the drive instruction includes information relating to
a start timing of the movement of the focus lens.

6. The image pickup apparatus according to claim 1,
wherein the controller is operable to communicate with the
lens unit in synchronization with a vertical synchronizing
signal, and performs a first communication in synchroniza-
tion with the vertical synchronizing signal and then performs
a second communication before a next first communication in
synchronization with a next vertical synchronizing signal,
and

wherein the controller (a) sends in the second communica-
tion the information relating to the predetermined timing
and the drive instruction to the lens unit and (b) receives
in the next first communication the first signal corre-
sponding to the information sent to the lens unit in the
last second communication.

7. The image pickup apparatus according to claim 6,
wherein the information relating to the predetermined timing
is expressed as a time with respect to start of the first com-
munication.

8. The image pickup apparatus according to claim 6,
wherein the drive instruction includes information relating to
a start timing of the movement of the focus lens, the informa-
tion being expressed by a time with respect to start of the first
communication.

9. The image pickup apparatus according to claim 1,
wherein the controller is further configured to generate the
drive instruction of the focus lens on a basis of the focus signal
generated by using charge accumulated within a time period
in which the focus lens is stopped.

10. The image pickup apparatus according to claim 1,
wherein the controller is configured to determine whether the
focus lens is able to be moved by the movement amount based
onthe drive instruction, depending on a signal level of the first
signal.

5

10

20

25

30

35

40

45

50

55

60

32

11. A lens unit detachably mountable to an image pickup
apparatus having an image sensor operable to perform charge
accumulation and generate an image signal, the lens unit
comprising:
an image taking optical system including a focus lens; and
a lens controller configured to receive a drive instruction
for the focus lens from the image pickup apparatus and
to control drive of the focus lens on a basis of the drive
instruction, said drive instruction is generated on a basis
of a focus signal generated by using the image signal,

wherein a reciprocating operation of the focus lens is per-
formed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion,

wherein when the reciprocating operation of the focus lens

is performed, the lens controller is configured to receive
information relating to a predetermined timing and the
drive instruction from the image pickup apparatus, and
send, to the image pickup apparatus, a first signal indi-
cating whether the focus lens is able to be moved by a
movement amount based on the driving instruction to
satisfy the predetermined timing, (a) if the first signal
indicates that the focus lens is able to be moved by the
movement amount based on the drive instruction to sat-
isfy the predetermined timing, the new drive instruction
is generated by using a focus signal generated based on
charge accumulated in a first time period, and (b) if the
first signal indicates that the focus lens is not able to be
moved by the movement amount based on the drive
instruction, the new drive instruction is generated by
using a focus signal generated based on charge accumu-
lated in a second time period after the first time period,
and

wherein the predetermined timing is timing relating to

starting of the charge accumulation for generating the
focus signal.

12. The lens unit according to claim 11, wherein the lens
controller is further configured to, when the first signal indi-
cates that the focus lens is not able to be moved by the
movement amount based on the drive instruction to satisfy the
predetermined timing, send to the image pickup apparatus, a
signal of a different level from that when the first signal
indicates that the focus lens is able to be moved by the move-
ment amount based on the drive instruction.

13. The lens unit according to claim 11, wherein the lens
controller is further configured to stop the focus lens after
completion of its movement based on the drive instruction.

14. The lens unit according to claim 11, wherein the lens
controller is further configured to, when sending to the image
pickup apparatus the first signal indicating that the focus lens
is not able to be moved by the movement amount based on the
drive instruction to satisfy the predetermined timing, set a
longer stopping time period to stop the focus lens after
completion of its movement based on the drive instruction
than the stopping time period set when sending thereto the
first signal indicating that the focus lens is able to be moved by
the movement amount based on the drive instruction.

15. The lens unit according to claim 11, wherein the lens
controller is further configured to control a start timing of the
movement of the focus lens on a basis of the drive instruction.

16. The lens unit according to claim 11, wherein the lens
controller is operable to communicate with the image pickup
apparatus in synchronization with a vertical synchronizing
signal, and performs a first communication in synchroniza-
tion with the vertical synchronizing signal and then performs
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a second communication before a next first communication in
synchronization with a next vertical synchronizing signal,
and

wherein the lens controller is further configured to (a)
receive in the second communication the information
relating to the predetermined timing and the drive
instruction from the image pickup apparatus and (b)
send in the next first communication the first signal
corresponding to the information received from the
image pickup apparatus in the last second communica-
tion.

17. The lens unit according to claim 16, wherein the infor-
mation relating to the predetermined timing is expressed by a
time on a basis of start of the first communication.

18. The lens unit according to claim 16, wherein the drive
instruction includes information relating to a start timing of
the movement of the focus lens, the information being
expressed by a time with respect to start of the first commu-
nication.

19. The lens unit according to claim 11, wherein the lens
controller is further configured to:

(a) make a prediction of whether or not the focus lens is
able to be moved by the movement amount based on the
drive instruction to satisfy the predetermined timing,
and

(b) send to the image pickup apparatus, when making a
prediction that focus lens is not able to be moved, a
signal of a different level from that when making the
prediction that the focus lens is able to be moved by the
movement amount based on the drive instruction, as the
first signal.

20. A lens unit detachably mountable to an image pickup
apparatus having an image sensor operable to perform charge
accumulation and generate an image signal, the lens unit
comprising:

an image taking optical system including a focus lens; and

a lens controller configured to receive a drive instruction
for the focus lens from the image pickup apparatus and
to control drive of the focus lens on a basis of the drive
instruction, said drive instruction is generated on a basis
of a focus signal generated by using the image signal,

wherein a reciprocating operation of the focus lens is per-
formed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion,

wherein when the reciprocating operation of the focus lens
is performed, the lens controller is configured to receive
information relating to a predetermined timing and the
drive instruction from the image pickup apparatus, and
then send, to the image pickup apparatus, a signal of a
predetermined level as a first signal when the focus lens
is not able to be moved by a movement amount based on
the driving instruction to satisty the predetermined tim-
ing, and

set a longer stopping time period to stop the focus lens after
completion of its movement based on the drive instruc-
tion, when sending to the image pickup apparatus the
signal of the predetermined level as the first signal, as
compared with when sending thereto a signal of a level
different from the predetermined level as the first signal,
(a) if the lens controller sends a signal of the level dif-
ferent from the predetermined level as the first signal, the
new drive instruction is generated by using a focus signal
generated based on charge accumulated in a first time
period, and (b) if the lens controller sends a signal of the

20

25

30

35

40

45

55

34

predetermined level as the first signal, the new drive
instruction is generated by using a focus signal gener-
ated based on charge accumulated in a second time
period after the first time period, and

wherein the predetermined timing is timing relating to
starting of the charge accumulation for generating the
focus signal.

21. The lens unit according to claim 20,

wherein the lens controller is operable to communicate
with the image pickup apparatus in synchronization with
avertical synchronizing signal and configured to receive
the drive instruction of the focus lens and to control drive
of the focus lens on a basis of the drive instruction,

wherein when the reciprocating operation of the focus lens
is performed, the lens controller is further configured to:

perform a first communication in synchronization with the
vertical synchronizing signal and then perform a second
communication before a next first communication in
synchronization with a next vertical synchronizing sig-
nal,

receive in the second communication the information relat-
ing to the predetermined timing and the drive instruction
from the image pickup apparatus, and

send in the next first communication, in a case that the
focus lens is not able to be moved by the movement
amount based on the drive instruction to satisfy the pre-
determined timing, a signal of the predetermined level as
a first signal to the image pickup apparatus.

22. A method of controlling an image pickup apparatus to
which a lens unit provided with an image taking optical
system including a focus lens is detachably mountable and
which is provided with an image sensor operable to perform
charge accumulation and generate an image signal, the
method comprising:

a controlling step of controlling communication with a

mounted lens unit;

a focus signal generating step of generating a focus signal
indicating a focus state of the image taking optical sys-
tem by using the image signal; and

a drive instruction generating step of generating a drive
instruction for the focus lens on a basis of the focus
signal,

wherein a reciprocating operation of the focus lens is per-
formed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion,

wherein when the reciprocating operation of the focus lens
is performed, in the controlling step, the method sends
information relating to a predetermined timing and the
drive instruction to the lens unit and receives, from the
lens unit, a first signal indicating whether the focus lens
is able to be moved by a movement amount based on the
drive instruction to satisfy the predetermined timing,

wherein in the drive instruction generating step,

(a) if the first signal indicates that the focus lens is able to
be moved by the movement amount based on the drive
instruction to satisty the predetermined timing, the
method generates the new drive instruction by using a
focus signal generated based on charge accumulated in a
first time period, and

(b) if the first signal indicates that the focus lens is not able
to be moved by the movement amount based on the drive
instruction, the method generates the new drive instruc-
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tion by using a focus signal generated based on charge
accumulated in a second time period after the first time
period, and

wherein the predetermined timing is timing relating to

starting of the charge accumulation for generating the
focus signal.

23. A method of controlling a lens unit provided with an
image taking optical system including a focus lens and
detachably mountable to an image pickup apparatus having
an image sensor operable to perform charge accumulation
and generate an image signal, the method comprising:

a receiving step of receiving a drive instruction for the

focus lens from the image pickup apparatus;

a sending step of sending information to the image pickup

apparatus; and

a controlling step of controlling drive of the focus lens on

a basis of the drive instruction, said drive instruction is
generated on a basis of a focus signal generated by using
the image signal,

wherein a reciprocating operation of the focus lens is per-

formed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion,

wherein when the reciprocating operation of the focus lens

is performed, in the receiving step, the method receives
information relating to a predetermined timing and the
drive instruction from the image pickup apparatus, and a
in the sending step, the method sends, to the image
pickup apparatus, a first signal indicating whether the
focus lens is able to be moved by a movement amount
based on the driving instruction to satisfy the predeter-
mined timing, (a) if the first signal indicates that the
focus lens is able to be moved by the movement amount
based on the drive instruction to satisfy the predeter-
mined timing, the new drive instruction is generated by
using a focus signal generated based on charge accumu-
lated in a first time period, and (b) if the first signal
indicates that the focus lens is not able to be moved by
the movement amount based on the drive instruction, the
new drive instruction is generated by using a focus signal
generated based on charge accumulated in a second time
period after the first time period, and

wherein the predetermined timing is timing relating to

starting of the charge accumulation for generating the
focus signal.

24. A method of controlling a lens unit provided with an
image taking optical system including a focus lens and
detachably mountable to an image pickup apparatus having
an image sensor operable to perform charge accumulation
and generate an image signal, the method comprising:

a receiving step of receiving a drive instruction for the

focus lens from the image pickup apparatus;

a sending step of sending information to the image pickup

apparatus; and

a controlling step of controlling drive of the focus lens on

a basis of the drive instruction, said drive instruction is
generated on a basis of a focus signal generated by using
the image signal,

wherein a reciprocating operation of the focus lens is per-

formed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion,
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wherein when the reciprocating operation of the focus lens
is performed, in the receiving step, the method receives
information relating to a predetermined timing and the
drive instruction from the image pickup apparatus, and
in the sending step, the method sends, to the image
pickup apparatus, a signal of a predetermined level as a
first signal when the focus lens is not able to be moved by
a movement amount based on the driving instruction to
satisty the predetermined timing, and

wherein, in the controlling step, the method sets a longer
stopping time period to stop the focus lens after comple-
tion of'its movement based on the drive instruction when
sending to the image pickup apparatus the signal of the
predetermined level as the first signal, as compared with
when sending thereto a signal of a level different from
the predetermined level as the first signal, (a) if the lens
controller sends a signal of the level different from the
predetermined level as the first signal, the new drive
instruction is generated by using a focus signal gener-
ated based on charge accumulated in a first time period,
and (b) if the lens controller sends a signal of the prede-
termined level as the first signal, the new drive instruc-
tion is generated by using a focus signal generated based
on charge accumulated in a second time period after the
first time period, and

wherein the predetermined timing is timing relating to
starting of the charge accumulation for generating the
focus signal.

25. The method of controlling a lens unit according to

claim 24,

wherein when the reciprocating operation of the focus lens
is performed, the method performs a first communica-
tion in synchronization with a vertical synchronizing
signal and then performing a second communication
before a next first communication in synchronization
with a next vertical synchronizing signal,

wherein, in the receiving step, the method receives in the
second communication the information relating to the
predetermined timing and the drive instruction from the
image pickup apparatus,

wherein, in the sending step, the method sends, when the
focus lens is not able to be moved by the movement
amount based on the driving instruction to satisfy the
predetermined timing, a signal of a predetermined level
as a first signal to the image pickup apparatus in the next
first communication.

26. A non-transitory machine readable medium containing
program code which upon execution causes an image pickup
apparatus to which a lens unit provided with an image taking
optical system including a focus lens is detachably mountable
and which is provided with an image sensor operable to
perform charge accumulation and generate an image signal,
to perform:

a focus signal generating step of generating a focus signal
indicating a focus state of the image taking optical sys-
tem by using the image signal;

a drive instruction generating step of generating a drive
instruction for the focus lens on a basis of the focus
signal; and

a controlling step of controlling, when a reciprocating
operation of the focus lens is performed, communication
with the lens unit comprising sending information relat-
ing to a predetermined timing and the drive instruction to
the lens unit and receiving, from the lens unit, a first
signal indicating whether the focus lens is able to be
moved by a movement amount based on the drive
instruction to satisfy the predetermined timing,
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wherein in the drive instruction generating step,

(a) if the first signal indicates that the focus lens is able to
be moved by the movement amount based on the drive
instruction to satisty the predetermined timing, the
method generates the new drive instruction by using a
focus signal generated based on charge accumulated in a
first time period, and

(b) if the first signal indicates that the focus lens is not able
to be moved by the movement amount based on the drive
instruction, the method generates the new drive instruc-
tion by using a focus signal generated based on charge
accumulated in a second time period after the first time
period,

wherein the reciprocating operation of the focus lens is
performed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion, and

wherein the predetermined timing is timing relating to
starting of the charge accumulation for generating the
focus signal.

27. A non-transitory machine readable medium containing
computer executable program code which upon execution
causes a lens unit provided with an image taking optical
system including a focus lens and detachably mountable to an
image pickup apparatus having an image sensor operable to
perform charge accumulation and generate an image signal,
to perform:
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a receiving step of receiving, when a reciprocating opera-
tion of the focus lens is performed, a predetermined
timing and a drive instruction for the focus lens from the
image pickup apparatus;

a controlling step of controlling drive of the focus lens on
a basis of the drive instruction; and

a sending step of sending, to the image pickup apparatus, a
first signal showing whether or not the focus lens is able
to be moved by a movement amount based on the driving
instruction to satisfy the predetermined timing, (a) if the
first signal indicates that the focus lens is able to be
moved by the movement amount based on the drive
instruction to satisfy the predetermined timing, the new
drive instruction is generated by using a focus signal
generated based on charge accumulated in a first time
period, and (b) if the first signal indicates that the focus
lens is not able to be moved by the movement amount
based on the drive instruction, the new drive instruction
is generated by using a focus signal generated based on
charge accumulated in a second time period after the first
time period,

wherein the reciprocating operation of the focus lens is
performed for determining an in-focus direction before a
peak-climbing operation, to drive the focus lens in a
direction in which the focus signal is increased, or deter-
mining an in-focus state after the peak-climbing opera-
tion, and

wherein the predetermined timing is timing relating to
starting of the charge accumulation for generating the
focus signal.



